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ABSTRACT
In offset lithography, ink has been shown to pickup significant
quantities of fountain solution as emulsified droplets. Good printability of
lithographic inks is dependent on the balance between the flow of ink and
water (fountain solution). Water pickup of ink is directly related to
emulsification capacity. Emulsification must be controlled by using the
correct fountain solution and proper surface tension value of fountain
solution. If inks do not properly emulsify, ink tack may vary on the press
during printing. Ink tack is expected to strongly influence printability and
runnability of offset lithographic inks. Tack measurement is used as a
production control testing and for the assessment of paper surface strength.
The purpose of this thesis was to determine the relationship between
emulsification and tack of offset lithographic inks. This research studied the
water pickup characteristics of ink using different fountain solution surface
tension values and different fountain solution. To observe any differences
due to ink vehicle, three different oil-based inks: conventional, soybean, and
vegetable were used and studied..
For increased understanding of the relationship between
emulsification and tack, an inkometer was used to study the ink tack
response of different emulsified inks and the inks before emulsify fountain
solution into their bodies. The effect of added water on the rheological
properties (tack response) ofunemulsified lithographic inkwas also studied.
xu
Xlll
This study indicates a change in water pickup
characteristics due to
surface tension value of fountain solution and the various fountain solutions
tested. There is a significant effect due to the various oil-based inks onwater
pickup of the ink. Tack response is considerably affected by the capacity
of
the ink to pickup water. Adding water into the ink greatly affects the
tack





The printing industry generally accepts that the lithographic printing
process is the most popular of the major printing processes and its print
quality seems to be better than that of other printing processes. Although it
has been stated that lithography is based on the principle that oil and water
do not mix, it is necessary for the ink to absorb or pick up some quantity of
water or fountain solution as emulsified droplets.
o
A study by Hayashi and Amari indicates that "...the important factor
from a viewpoint of printability is the ink-water balance". The printer
should know how to determine the tendency of lithographic inks to emulsify.
Inks that do not emulsify sufficient water and inks that emulsify too much
o
water both perform poorly on the lithographic press. This can cause many
problems associated with product quality (scumming, reduced density,
mottled solid, dot spread, tinting, dot sharpening, image blinding).
Presently, the printing speeds of the presses have become faster, so the
printability of printing materials should be investigated as they are applied
on the printing press. Ink tack is a significant factor associated with
printability especially with ink transfer. The printer has to know how to
control ink tack to prevent picking of the paper and to ensure proper
trapping in multicolor printing. Too low a tack can produce a variety of
problems within the roller train and in final print quality (dotgain, trapping
and roller slippage, inadequate ink feed and distribution). On the other
hand, too high a tack may remove fiber or coating particles from the paper
surface (picking and linting).
Statement of the problem
Inks used in offset lithography exhibit considerable differences in their
ability to take up water during printing, depending on interfacial tension
between the ink and fountain solution. The relationship between
emulsification and tack of lithographic inks are sometimes hard to
understand. Understanding is especially difficult when practical printing
conditions are involved. Emulsification and tack can change during printing.
Control is necessary during press operation to maintain acceptable print
quality. If inks that do not properly emulsify are used, ink tack on the press
can change which affect the sharpness of halftone dots, trapping of one ink
over another, and the performance of the paper.
Some of the previous studies propose that good press performance
relies on the emulsification characteristic of lithographic ink, but the study of
Bassemir and Shubert state that the use of emulsification curves alone as a
predictor of press performance is not always reliable. Offset lithographic
printing ink runnability and printability are strongly influenced by rheology
(viscosity, tack,and yield value). Each ink component influences
emulsification. Emulsification in turn affects the rheology of the ink.
In this study, the author investigated the relationship between the
fountain solution surface tension and water pick up for a variety of oil-based
sheetfed lithographic inks. The emulsified ink formulation used is varied to
observe the change in ink tack. It is expected that the difference of
emulsified ink will give the same response of tack values as measured by an
Inkometer. This research also investigated the effect of adding water to an
unemulsified ink on ink tack.
With increased understanding of water emulsification, the author
tested an Inkometer as a possible system to emulsify water into an ink.
When attempting to emulsify water into an ink, It was observed that the
change in tack of ink over a period of time can be used as an indication of the
stability of the emulsification process of ink and water.
Purpose of the study
1. To study the relation between the surface tension of fountain solution and
thewater picked up by ink
2. To study the simulation of "on-press
"
emulsification of ink and water.
3. To investigate the attributes of fountain solutions that affect the water
pick up rate of the ink with three different oil-based sheetfed lithographic
inks.
4. To study the relation between the different ink emulsified and tack values
response as measured by an Inkometer.
5. To establish the behavior of the tack of an ink without water with respect
to time in order to observe a definite trend in tack for an ink without water.
Under the same condition, we also establish the behavior of the tack of a wet
ink by adding thewater to an ink by the interval of time.
6. To study the effect ofwater added on tack compared to tack response of an
ink without water.
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Chapter 2
Theoretical Bases of the Study
The principle and formulation of sheetfed lithographic ink
1 2








Unlike web offset lithographic inks, sheetfed inks are higher in tack
because the speeds of the sheetfed presses are slower than web offset presses
resulting in a sharp dot on the substrate. The principle of the drying
mechanism of sheetfed lithographic ink is oxidation and polymerization
reaction initiated by oxygen and catalyzed by a
drier0
as shown by Figure 1.
There are two stages of drying that take place on the paper5: (1) setting by
absorption, and (2) the liquid of vehicle is solidified by oxidation and
polymerization. By using the quickset varnish stimulation instead of regular
varnish, the quality of sheetfed inks can be improved. Quickset inks permit
the printed sheets to be handled more quickly. They also set rapidly enough
to increase the tack of the printed ink between units on the press.
Figure 1: The dryingmechanism between Polymerization
and Oxidation of sheetfed lithographic ink
For this experiment, three oil-based sheetfed offset lithographic
inks were used and were characterized as follows: (1) conventional, (2)
soybean, and (3) vegetable. This research looked for differences in
performance due to the these different vehicles.
8
The rate of emulsification theory
The lithographic process involves a planographic plate with image
areas that are oleophilic (ink receptive) and non-image areas that are
hydrophilic (water receptive). Inks must be designed to work in the presence
n
of water. As previously stated in the chapter 1, a good lithographic ink
must not be completely hydrophobic; it should be able to absorb a certain
amount ofwater (fountain solution).
Tests of the rate of emulsification (of fountain solution into ink) theory
conducted by
Surland8"10
(1967, 1980, and 1983) proposed that "...it is
essential for the lithographic process that the ink has a capacity of
emulsifying fountain solution into its
body."
This theory shows that the
lithographic printing process involves emulsion formation and break down,
which is characterized by the equation as shown in figure 2.
Printing Press Interaction
W + O ( _r_r ) W/O
P = P+ /
P"
Laboratory test result
Figure 2: The rate of emulsification theory
Where:
W +O^W/0 = Press interaction between FS and Ink
W =Water or fountain solution
0 = Oil
P = P+ / P- = Emulsification test interaction between FS and Ink
P+ = Vector determining emulsion build-up
P- = Vector determining emulsion break
FS = Fountain solution
This theory was derived from an off the press emulsification test. This
test determined the rate of emulsification of the particular fountain solution
into the particular ink. According to this theory the rate of emulsification is
a result of opposing factors (see Figure2) P+= emulsion former and P-=
emulsion breaker as well as, W = fountain solution and O = ink. Figure 2
shows an equation: W + O (^)W / O where the arrows are used to show the
vectors forW and O as well as P+ and P-, respectively.
On the press, P+ must always be larger than
P- to preserve the
necessary emulsification ability. These tests show that with the most
efficient lithographic pair, ink and fountain solution,
P- is initially very small
in relation to P+ but should approach a constant value: P+ / P- = 1.
This theory can be used to understand the emulsification process and
an ink's capacity to emulsify the fountain solution applied to its surface.
10
Emulsification of ink and water (fountain solution)
The lithographic printing process is based on the fact that ink and
water do not readily mix with each other and is the major phenomenon that
causes the process to operate. During the actual printing process, it has been
found that the fountain solution is taken up by the ink from rollers on the
press. This water is emulsified into the ink layer on the rollers. In 1969, a
test report by
Bock11
explored the interaction between ink and water. Bock
measured the amount of water emulsified in ink on the ink form rollers. He
scraped samples of ink from the bottom form rollers with a specially designed
sampling device. The samples were weighed before and after drying in an
oven.
In 1978, there was another study by Karttunen and Linqvist. They
proposed two mechanisms to explain emulsification :
1.
"
A thin ink film left in the image areas in the plate/blanket nip is
covered with fountain solution in the dampening form roller/plate nips. In
the ink form roller nip, it is pressed against a thick ink layer with another
thin film of surface water. Since the two ink layers are unequally thick,
water tends to emulsify in ink in the image areas, and may also form a thin




The second mechanism occurs in the ink form roller/drum nips in
the non-image areas. The ink film on the form rollers pick up a film of
surface water from the non-image areas, and a moment later, they are
pressed against the ink film on the inker drum and its surface
water."
11
The emulsification of ink and fountain solution is classified into two
categories. The first is water-in-ink as shown in Figure 3(a). This first
category is normal in the lithographic printing process providing it is not of
the magnitude that the ink actually becomes
"water-logged."
When this
happens, the ink loses body and tack decreases. Water-in-ink emulsification
need a reduction in the flow ofmoisture. If the ink becomes water-logged the
press may need thorough cleaning.
INK
WATER
(a) W/I : Water ink ink (b) I/W : Ink inkwater
Figure 3: Two categories of emulsification of ink and water
(fountain solution)
The second category is
ink-in-water as shown in Figure 3(b). When
ink is emulsified into water, the tiny specks of ink are suspended in the
fountain solution. This is readily visible in the non-image area of the plates.
This ink is transferred to the blanket and finally onto the paper, resulting in
what is called background tinting. A change of ink may be required to
prevent tinting.
Currently, many new dampening systems incorporate isopropyl alcohol
as a component of the fountain solution. This improves water and ink
12
compatibility. There is a reduced tendency for emulsification or
1 q
waterlogging.
Ink tack ( Stickiness )
Tack of an ink is categorized in two general classes: dry and wet tack.
-Dry tack
Tack is the force required to separate two planes of unit area at





of a substance. Tack describes an ink's ability to adhere
to the printing surface and to trap and hold overprinting colors. Voet and
Geffken (1951) proposed that tack is the resistance of the ink to separation
and is determined by the viscoelastic response of the inks toward rapid
1
/?
applied stress (force per unit area). Banks and Mill (1953) pointed out
that "...at the nip exit, tack is a consequence of cavitation and corresponds to
the maximum value of negative pressure (tensile
stress)."
A study by Zang et
1 7
al indicated that the maximum tensile stress that the ink can withstand at
the nip exit before splitting is the tack of the ink.
The tack of printing inks controls their high speed transfer
properties. However, tack is not a fixed number. It varies with operating
conditions, primarily separation velocity, splitting area and film thickness. It
also varies because of alterations in ink properties due to time, temperature
and interactions with the separating surface. Varying tacks of incoming inks
may causes color control and
paper problems. However, tack does not vary
18
as rapidly with temperature as does viscosity. Tack is normally measured
on a tackmeter. The GATF Inkometer and other tackmeters are available on
13
the market today. The most universally accepted way is by taking the
measurements on a Thwing-Albert Inkometer.
A study by Skarbek
9
gave the dry tack range values that were
obtained from a wide variety of ink samples tested in Kodak laboratories.
These tests were performed under the same conditions of Inkometer roller
o
speed and temperature: 1200 rpm and 90 F The dry tack ranges for web,
sheetfed, and newsprint offset inks are 7.4-18.7, 16.7-24.0, and below 10.0,
respectively. A mechanical or electronic Inkometer can be used to measure
dry tack. Dry tack can be measured at various mechanical Inkometer speeds
such as: 400 rpm, 800 rpm, 1200 rpm, etc., and at any electronic Inkometer
90
speed up to 3000 rpm. However, the measurement speed on both
Inkometer machines should correspond to the consumer press speed. The
ink tack increases with increasing Inkometer roller speed. The rheological
characteristics of the ink affect the rate of increase of tack.
If the dry tack is too low or too high, the following can be
22
expected:
Too Low Too High
Misting Misting









Excess emulsification of ink
Dot spread
- Wet tack ( Press tack/ Emulsified tack)
Wet tack is a measure of the tack of an ink that has been
emulsified with fountain solution. Skarbek found after two minutes at the
same Inkometer speed, with all other variables being equal, wet tack is
higher (up to 10%) than dry tack for an individual ink as well as the ink may
oq
reach the dry point sooner. The reason is that water acting as a pigment in
the emulsified ink. He also notes that wet tack dry point ofweb inks is often
lower in tack than with dry tack because the fountain solution is aiding the
evaporation of ink solvents much like a stream distillation.
24
Saczawa and Silver used a Thwing-Albert Inkometer to
emulsify known amounts ofwater into an ink. They observed the behavior of




ink. They describe difference in tack values
and the rate of change in the tack by using the following equation:
d = Ri - Rt
where,
d = difference in tack
Ri = initial tack reading









r = rate of change in tack
Ri'
= tack reading at an interval
i'
Ri"
= tack reading at an interval
i"
n = time of interval in minutes
This study concluded that the addition of water to an ink
greatly affects its tack value. After prolonged time, the tack values of both
dry and wet ink increase.
- Tack stability
The tack stability test is the method that provides additional
information about the performance characteristics of an ink. Testing for tack
"I Q
stability was conducted by Skarbek. He measured a sample of an ink over
a ten minute period using an Inkometer. The tack stability curve is described




Figure 4: Tack stability curve
Figure 4 shows the tack stability curve as the tack value
continuous increases from the position of T1 to the position ofT . From this






TR = Tack Rise
T2 = Tack atmaximum point
Tx = Tack at start
M1 = Tune interval between T1 and T2
17
Tack rise (TR) values for typical offset lithographic inks using the
Inkometer in Skarbek's testing are shown in Table 1:







Table 1: Tack rise values for typical offset lithographic inks
Surface tension
Surface tension is the tendency of the surface of a liquid to contact to
the smallest area possible due to the intermolecular attraction of the
molecule below the surface layer. The droplets of water or the spherical
form of bubbles can help to understand this definition. Surface tension is
defined as the force measured in dynes acting on a length of one centimeter
in the surface.
The boundaries of solids and liquids are sources of a wide range of
phenomena of surface tension in relation to the printing process. To
understand the root of surface effects, remember that a liquid or a solid
consists of an assemblage of molecules between each one ofwhich there is a
force of attraction. Anyone of molecule is completely surrounded by others
which are attracted to it. However, at the boundary, a molecule is not
completely surrounded by others. It follows that it is attracted inwards and
18
away from the boundary. This phenomena is illustrated in Figure 5.
o o o o
1/ \ 1/ -J
0000
0 0 owo 0
0 0 X 0
00000
Figure 5: Imaginary section through a liquid. Molecule A in
the surface is under the attraction of those below it
while B in the interior is attracted equally in all
27
directions.
The liquid will take such a shape that the smallest area possible in the
circumstances is exposed. This is why liquids do not show sharp corners but
form into drops. If a droplet of liquid is placed on a uniform, flat, solid
surface, the droplet will, possibly, not spread completely over the surface.
The edge will make an angle with the solid surface. This angle is known as
the angle of contact or contact angle. The less readily wetted the solid, the
larger is the angle. The theory of the contact angle was related by Banks





Figure 6: The profile of a drop of liquid on a solid surface
sTg is the surface tension between the solid and the gas
lTg is the surface tension between the liquid and the gas
sTl is the liquid and solid interface
Figure 6 shows the spreading of liquid on a solid surface. As the liquid
completely spreads on a solid, it is necessary that sTg should not be less
than lTg + sTl. When this is not so, liquid will sit on the solid as a drop, the
air boundary making an angle with the surface. The relation between the
surface tension and this contact angle is given by the equation as follow:
sTg = sTl + lTg COS 0
In addition to the contact angle theory which describes the spreading
20
of liquid on solids, Banks also gave another
theory30
which described the
spreading of liquid on liquid. He reported that if a small amount of an
immiscible liquid is floated on top of another one such as oil on water, the
molecules of the overlying liquid shift the underlying liquid. This results in a
tendency for the molecules of the lower liquid to move over the upper liquid.
The top liquid will try and spread but it can only do so at the expense of
creating two new boundaries, particularly its own liquid/air boundary. This




Film of liquid B
?Tab
liquidA
Figure 7: Banks showed the force operating during the
on
spreading of a film of liquid B onA
TA = Surface tension force of liquid A
TB = Surface tension force of liquid B
TAB = The interfacial tension between liquid A and
liquid B
Figure 7, the film of liquid B is pulled by the force Ta to the left and
this force is opposed by the surface tension of liquid B (the tensions at the
21
boundary of liquid B and air) and the interfacial tension between liquid A
and B (the boundary between liquid A and B). The result is an effective force
to the left with magnitude:
Ta - Tb - Tab
The spreading of liquid B on Awill occur when this is positive: Ta > Tb
+ Tab. On the other hand, if Tb > Ta + Tab, that means the condition of the
spreading of liquid A on B is required.
31
Another related theory of surface tension was shown by MacPhee.
He used Young's Equation to study the relationship of interfacial surface
tension between solid surface, ink, and fountain solution which presented at
the interface of a liquid drop on a solid surface. He postulated that the fluid
whose contact angle is less than 90 degree will preferentially wet the solid.
This is generally governed by the solid-fluid interfacial tensions. He also
stated that in his study, none of the interfacial tensions can be measured
directly. This is why Young's Equation has never been verified
experimentally. The relationship of this study is illustrated in Figure 8.
Young's Equation (7) is:
Vsf = Vsi + Vfi COS 0
where,
Vsf = Interfacial surface tension of solid and fs
Vsi = Interfacial surface tension of solid and ink
Vfi = Interfacial surface tension of fs and ink
0 = Contact angle as in Figure 8









Solid with signification Polar Bonds
( b )
23
Figure 8: Interfacial tension determines the degree of
wetting of a solid by one liquid in the presence of
another. Figure 8(a), preferential wetting by ink
increases if the ink-solid interfacial tension
(Vsi) were decreased. On the other hand, Figure
8(b) preferentialwetting of fountain solution
31
would increase ifVsf were decreased.
The work of Banks and MacPhee is useful in two categories of study.
First, it may be applied to the study of interfacial surface tension of printing
inks on printing plates. Second, it can be used to study the interfacial
surface tension of fountain solutions on printing inks. The second case is
directly related to one part of this thesis.
24
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Chapter 3
Review of the literature
Tackmeasurement and tack stability
- Tackmeasurement
As stated previously in chapter 2, tack is a measure of the force
required to split an ink film as it is being separated by two surfaces. Ink film
splitting is influenced by rheological and adhesive properties in addition to
the internal cohesion of the ink. In printing, tack is a concept that is
primarily connected with the force or energy developed in the ink film
splitting at the printing nip exit.
Originally, the evaluation of tack in printing ink was made by
using fingertips to separate a thin film of ink on a slab into two films, one
portion remaining on a slab and the other adhering to the fingertip. This
method suffers the disadvantages of all such approaches which depend on
individual skill and which do not produce a quantitative result. Various
instruments have been developed to measure tack that rely on the principle
ofmeasuring the force exerted on a roller as it splits a single ink film in a nip
into two films at the nip exit.





Tackmetermeasures the force exerted by one roller upon another roller via a
thin film. The basic principle3 of tackmeter is that two rollers, one ofwhich
is driven, rotate with known amount of ink film thickness on them. The
second roller is supported in a manner which permits the measurement of
force required to hold it in a stationary position relative to the driven roller.




Force required to split
ink film produces torque
Roller positively driven
Figure 9: The principle ofTackmeter
The Inkometer was developed by
Reed4
in 1937 to overcome the
difficulties of judging tack with a finger tap-out. Inkometer is a three-roller
tack meter which operates at speeds comparable to those on production
printing presses. The basic principle of Inkometer is shown in Figure 10.
Roller B is driven at a constant speed. The roller C rotates and reciprocates
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along its axis to generate a homogeneous ink film. From roller B, the stress
is transferred to roller A by the ink. This causes a net force in the direction
"R"
on roller A. To prevent displacement of roller A, a force in the
"L"
direction is required. This force is measured and provides the Inkometer
response.
Figure 10: Principle of an Inkometer
There are two types of Inkometers available on the market
today: mechanical, and electronic. Those Inkometers that are used in the
printing industry now, measure tack under dynamic conditions at a known
ink amount, temperature, and speed. The known amount of ink is controlled
by using a pipette which is usually about 1.32 cc. Temperature is constant,
o
normally 90 F.
For the mechanical Inkometer , the tack can be measured at
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three speeds selected at will depending on the ink used. Letterpress,
sheetfed and web offset inks are usually tested at 400, 800, and 1200 rpm,
respectively. For the electronic model
,
because it is a more sophisticated
instrument, the speed can be continuously variable from 100 up to a
maximum of 3000 rpm.
In the past, measurement of the force required to split an ink
film on a mechanical Inkometer was obtained by means of an unhanded
strain gauge. Today, strain is changed to an electrical response and
appropriate electronic to produce an analog signal. The electronic Inkometer
has a digital readout equipped with a plug that permits connecting it to a
continuous chart recorder. In the printing industry in the U.S.A., larger
printing plants often use mechanical or electrical tack metering devices to
measure and compare ink tack. To reduce human error during the
operation of an Inkometer, Kershaw Instrumentation Inc. , has developed a
computer data acquisition system for use with a mechanical Inkometer.
They connect the Inkometer to a digital display meter and then to the
computer system. By using this system with an Inkometer, the operator can
eliminate the tedium of stability test. This system also provides a digital
readout with an electrical output for Statistical Process Control (SPC).
One related information , indicated that two or more
Inkometers may not produce identical tack readings. If each Inkometer gives
repeatable results, they may be mathematically correlated. Further, a
number of other three roller tackmeters are available which differ in roller
geometry or other design features from the Inkometer. The tack
measurements results from these other tackmeters may not agree or
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correlate with those from the Inkometer.
- Tack stability
For offset lithographic printing inks to print with optimum
results on modern high speed lithographic presses, they have to meet a
number of specific criteria with regard to their physical characteristics. They
must be of the correct shade and strength, and their viscosity must be at a
level which allows for proper distribution and transference throughout the
roller system of the press. There are three simple rheological properties
which characterize ink flow: tack, plastic viscosity, and yield value.
However, possibly the single most important property of offset lithographic
inks are their tack and tack stability. These properties are important
because they directly related to the ink's tendency to pick the paper on one
extreme, or cause dot gain on the other extreme. They must at the same
time provide optimum trapping quality.
-i o
One related study was by Jacob. Two typical heat set inks
are used in this study to measure tack stability using an Inkometer. For this
study, tack and tack stability are measured at 1200 rpm and at 90 degree
fahrenheit using 1.32 cc of ink. Tack values are read starting at one minute.
Jacob pointed out that tack of heat set inks rises on the Inkometer roller
with time. The rate at which tack increases with time is a measure of tack
stability. Tack stability can be described by the slope of the line of increasing
tack per minute as shown in Figure 11.
Skarbek (1984) reported that most web offset inks reach their
maximum tack within a ten minute period on the Inkometer. The decrease
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Figure 12: The curve of a good tack stability of the process ink
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Furthermore, he suggested that process ink used on multicolor presses
should provide tack stability curves which are parallel to one another for at
least six minutes into the test. This is shown in Figure 12. On the other
hand, those inks which have tack stability curves which cross one another
before six minutes have a high probability of causing trapping problems on


























Figure 13: The curves show a poor tack stability of the process ink
j q
One report proposed that ink tack stability may be determined by
continuing the test over a predetermined period of time taking readings at
uniform time intervals until the tack beings to decrease. However, tack
stability of an ink does not vary significantly from batch to batch as long as
there are no major changes in the basic ink formula.
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Surface tension of fountain solution
The surface tension of a fountain solution is a measure of the strength





stated that the surface tension ranges
of fountain solution is between 35-70 dynes/cm. Ink performs well when the
fountain solution has a surface tension of about 40 dynes/cm. It performs
poorlywhen the fountain solution surface tension is about 65-70 dynes/cm.
The surface tension of fountain solutions can be lowed by adding the
wetting agents (additives) such as isopropanol, ethanol, or butyl cellosolve.
Addition of isopropanol (IPA) lowers the surface tension and increases the
1 fi
wetting power of the fountain solution more than the others do. In offset
printing, lower surface tension ensures an even distribution of fountain
solution. Fountain solutions with low surface tension tend to wet surfaces
better than those with high surface tension.
17
Yamazaki proposed that the printing performance relies upon the
emulsification characteristic of the lithographic inks, which is in turn are
related to the surface tension ofwater and oil. Surface tension effects can be
investigated by using surfactants added to the fountain solutions.
Surfactants are used very commonly as fountain solution additives. Each
surfactant has a characteristic surface tension as a function of concentration.
In such concentrations surface tension is less sensitive to variations in
1 8
concentration. Karttunen, Linqvist and Meinander (1979) indicated that
the dynamic surface tension depends on the concentration of surfactants
used due to changes in the mean diffusion distance from the bulk to the
surface. Bock measured the surface tension of fountain solutions with
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various additives using three types of surfactants: anionic, cationic, and
nonionic He reported that anionic surfactants are not stable in acidic
solutions. When 20 percent isopropanol is used in the fountain solution, the
water feed rate necessary to wet the plate is much lower than when using no
isopropanol. He also said that when a surfactant is used with the fountain
solution, the plate is completely wet at low feed rates, but a tinting
(unwanted application of ink in non-image areas) problem appears. On
presses requiring alcohol in the fountain solution, tinting can be brought on
by reducing alcohol concentration or by using an alcohol substitute.
20
MacPhee (1981) stated that "...most alcohol substitutes are designed






measurements of surface energy of lithographic inks and fountain solution.
They also looked at the effects of alcohol and alcohol substitutes on spreading
coefficients of ink and fountain solution. They found that the spreading
coefficient of the ink on the fountain solution did relate to ink flotation
problems on press. They also found that the interfacial tension is not the key
parameter in determining the performance of a lithographic ink. In
conclusion, they pointed out that behavior of alcohol substitutes in lowering
dynamic surface tension of fountain solutions is critical to their performance
on press.
The dampening liquid in fountain solutions is essentially water. This
is somewhat contradictory, since water has a very high surface tension, if it is
not contaminated or does not contain surfactants, and thus wets other
surfaces poorly, particularly non-polar organic polymers and liquids. The
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main function ofwater is to keep the non-image areas of the plate clean from
ink and its components. It is also important to understand that the lifetime
of water surfaces and water/ink interfaces in printing is very short. New
surfaces and interfaces are formed and broken down in the many nips of the
dampener, the inker, and the printing cylinders. The time taken to traverse
from one nip to another is so short that the dynamic rather than static
surface tension is relevant, except in conditions ofa press stop.
Ink and fountain solution interaction
The lithographic printing process requires that a certain amount of
22
fountain solution be emulsified in the ink. Iyengar stated that "...in the
lithographic printing, ink and water (fountain solution) are brought together
on the press and are subjected to shear mixing at the plate cylinder
nip."
oq
Fetsko said that "...it must remembered that quality of water in ink is
rapidly decreasing as the ink passes from the distribution rolls to the
paper."
The interaction between lithographic inks and fountain solution is one of the
most important problems in the lithographic process. Since the lithographic
printing process is most complex involving many different forces and
components, the ink and fountain solution are most often blamed for printing
problems yet little is understood how they actually affect the final print.
The emulsification of the fountain solution into the ink film is an important
phenomenon related to getting a good print quality and printability.
However, Koniechi et al stated that fountain solutions have no affect on
gloss, percent trap, or print quality as determined by visual observation.
Fountain solutions play an important role in the printing process because
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they can affect the emulsification rate of an ink. Their transfer properties
can determine how much fountain solution transfers onto the plate.
The interaction between the ink and the fountain solution, referred to
as the ink /water balance during a press run, represents the key to successful
lithographic printing. Ink and water balance is primarily a function of the
following^
:
a) surface-chemical properties of ink andwater
b) the setting used on the press for ink and water, and
c) the properties of the emulsion formed
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Karttunen (1977) classified the different forms of fountain solution
and ink interactions and the disturbances they cause as follows in the Table
2.
Table 2. Different form of fountain solution and ink interactions
and their disturbances according to Karttunen.
Form of Interaction Disturbance
- Water in ink emulsification - Tinting , Filling-in
- Water films on ink surface - Watermarking
- Absorption (by ink pigment) Print density and gloss
or dissolution ofwater additives reduction, shifts of color
in ink.
- Absorption or precipitation of - Sharp printing, blinding,
water additives in image areas blanket glazing
- Ink droplets inwater - Damper contamination,
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( low-content emulsification) tinting, scumming, piling
- Films of ink components spreading Scumming, damper
on water surface contamination
- Elution and dissolution of ink - Damper contamination, piling
components inwater and
reprecipitation
Karttunen and Lindqvist (1978) suggested that in the lithographic
process, water should not be transferred excessively to the ink duct or paper,
neither should ink be transferred to the damper rollers. They also indicated
that the relationship between the water and ink film thickness varies from
nip to nip. In most of the critical places in the process, the water film is
pressed against the ink surface, enclosed in the ink layers, and finally split
together with the ink. Parts of the water films may be emulsified in the ink
films and some of the water emulsified earlier may break down into
surface-
water films again. These interactions are all very dynamic and difficult to
combine into a brief description.
28
One related study reported the many seemingly unrelated factors
which influence the improper ink/water balance. These are pressroom
o
temperature and humidity (68-75 F and RH= 40 percent); fountain solution
age, temperature and acidity; type of plate in use and its correct processing;
paper; condition of roller ; emulsification tendency of the ink; image layout,
and levels of ink and dampening fluid in fountains. This study also
introduced that "...to avoid problems associated with ink/water imbalance,
the operator needs to combine attentiveness with troubleshooting expertise,
39
especially, the knowledge of some underlying causes of an ink/water
imbalance can help in avoiding
problems."
29
Lustig , in his review of a paper by Rosos, reported that cheaper
fountain solutions, requiring more water, causes more emulsification. They
also cause difficulty in controlling ink/water balance, scumming, linting,
piling and other problems. Rosos recommends that a fountain solution
should be run at 2 oz/gal. ofwater, with 10%-15% isopropyl alcohol because
more alcohol causes excessive emulsification and ink breakdown.
The interfacial tension between ink and water has proved to be useful
for distinguishing the physico-chemical differences between alcohol and
surfactant solutions. They should be useful in classification of commercial
fountain solution too. However, the correlations between the above
mentioned properties and the on-press behavior of the ink and water have
qn
not yet been outlined in practice.
Emulsification curve versus tack changes
As cited in chapter 1, Bassimir and Shubert (1985), proposed that "...it
has been found that the use of emulsification curves alone as a predictor of
press performance is not always
reliable."
They also mentioned that because
the rheology (tack) of an ink affects film splitting and transfers as well as
printability and print resolution, the study of the rheology changes in the
emulsified ink is of prime importance in understanding and predicting the
ink's press performance. The work of Bock (1969) showed that when the ink
and water are in equilibrium (zero slope of the curve), the tack will be
constant.
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The research conducted by Surland (1983) studied the water pickup
characteristics of the lithographic inks in relation to ink rheology and press
performance. He indicated that the emulsification curve of the ink/fountain


























Figure 14: Typical emulsification curves
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The ink represented in curve A picks up too much water. It will
trend
to transfer to both image and non-image areas, causing scumming,
emulsification, low print density, and snowflaked solids. The ink plotted in
curve B can probably be run, but it will require constant attention otherwise
it can cause reduced density, mottled solids, dot spread, and scumming. The
ink represented in curve C, is an ideal lithographic ink. It will print sharply
and be easy to run. Ink D can not handle the water on press and the same
things can occur as with the ink described in curve B, accompany with dot
sharpening and tinting. Ink E cannot dispose of the water applied to the
image area and will not print at all.
Surland also reported that the addition of isopropyl alcohol to the
fountain solution improves the emulsification characteristics. Besides, he
pointed out that "...with increasing of emulsification and pigment addition,
the ink tack increase significantly
"
















Figure 15: Tackwith increasing emulsification and with pigment
addition
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Chapter 4
Hypotheses
Emulsification and tack of lithographic inks are two important
properties that are presently measurable quantities. Emulsification of ink
and water may be used to predict how well inks will perform on the press.
Tack is an ink characteristic, that has an effect on the runnability and
printability of paper. One question that might arise: "... Is there a
relationship between emulsification and tack of offset lithographic inks?
"
If
the answer is yes, does a good (ideal) emulsified ink have an ink tack that is
different from the other inks? A study to determine the relationship between
emulsification and tack of offset lithographic inks is the subject of this study.
The questions answered are:
1. Related to emulsification (water pickup) rate of the inks:
1.1 Does surface tension of fountain solution with various oil-based inks
affect the water pickup rate of the ink?
1.2 Do different fountain solutions and different oil-based of the inks
differ in the water pickup rate?
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2. Related to tack of the inks:
2.1 Do different emulsified inks differ in ink tack response as measured by
an Inkometer?
2.2 Does addingwater (fountain solution) to the unemulsified inks
based on three different oils affect the ink tack response as measured
by an Inkometer?
Hypotheses
Four hypotheses are formulated from these research questions:
1. Related to emulsification (water pickup) rate of the ink
1.1 The change in the surface tension of fountain solution with various
oil-based inks does not change the water pickup rate.
1.2 Different fountain solutions and oil-based inks have similar water pick
up rates.
2. Related to the tack of inks:
2.1 Different emulsified inks have similar ink tack response as measured
by an Inkometer.
2.2 Addingwater into the unemulsified (virgin) inks based on three




1. It is assumed that the water pickup test of the inks by the Duke tester can
use for preparing the inks to actual use on the printing presses.
2. It is assumed that assume that ink tackmeasured by an Inkometer relates
to actual use on printing presses.
3. Printing conditions are well simulated by the Duke tester, and Inkometer
used in this experiment.
4. It is assumed that the relationship between emulsification and tack of the
ink in the laboratory test relates to that which actually occurs on the
printing press.
5. It is assumed that the emulsification capacity of the ink and tack response
on the Inkometer depend on the emulsifier used in this experiment.
Delimitations
1. Only black sheetfed offset lithographic ink is used for this study.
2. This study relates only to the inks used in this study.
3. Only the Duke (Surland) technique and mechanical Inkometer are used for
studying thewater pickup rate and tack of the ink, respectively.
4. Formeasurement of ink tack using an Inkometer, the temperature and the
0
operating speed used are fixed at 90 F and 1200 rpm, respectively because
these variables are recommended to be the most satisfactory for sheetfed
lithographic ink testing purpose.
5. The author only consider fountain solutions with surface tension between
30 dynes/cm and 72 dynes/cm.
6. Only Emulso emulsifier and Glycerin are used to modify the ink.
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7. Only Distilled water, two kinds of Rosos fountain solution and Varn are
used to test the water pickup rate of the inks. Distilled water is considered
to be a standard solution for many laboratories. Rosos and Varn solutions
are convenient and available at T&E Center at RIT.
Chapter 5
Methodology
The experiments for the study of the hypotheses are carried out in four
steps. The DuNouy Tensiometer and the Duke Ink-Water Emulsification
Tester were used in the first experiment to measure the surface tension of
fountain solutions and water pickup characteristics of sheetfed offset
lithographic inks, respectively. The second experiment used the Duke Ink-
Water Emulsification Tester to measure the water pickup characteristics of
three oil-based sheetfed offset lithographic inks. The third used the Duke
Ink-Water Emulsification Tester to prepare the desired emulsified inks for
measurement of ink tack on the Inkometer. For the fourth experiment, the
author used an Inkometer and X-Y recorder to record the tack of
unemulsified (virgin) inks while adding thewater into those inks.
One black conventional oil-based ink, one black soybean oil-based ink,
and one black vegetable oil-based ink were used for all of the four
experiments. We obtained these inks from the T&E Center at RIT. Three
types ofmeasurement were used: surface tension of fountain solutions, water
pickup rate, and tack
value response. Each measurement was repeated 3
times for each cell in the charts shown in the 1st, 2nd, and 3rd experimental
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design. Each measurement was repeated 2 times for the 4th experiment
design. The first, second, third and fourth design test are used for the test of
the first, second, third and fourth hypotheses, respectively.
The surface tension of fountain solution
Measurement of surface tension of fountain solution was performed
with a DuNouy Tensiometer, manufactured by Central Scientific Company,
Chicago, IL. The principle of operation of this equipment is to record the
force required to separate a metal wire ring from the surface of a liquid. The
response for this is dynes per linear centimeter.
Rosos KSP#10 ASM-3 fountain solution was mixed with alcohol
substitute, Rosos RV-1000, to produce the desired surface tension. Alcohol
substitute was used to reduce the surface tension of the diluted fountain
solution. The desired surface tension values were about 30, 40, 50, and 70
dynes/cm., respectively.
The water pick-up characteristics
Water pickup characteristics of different oil-based sheetfed offset
lithographic inks were determined using the Duke
Ink-Water Emulsification
Tester. The ASTM D4942-89 test method B was used as the test procedure.
Each set of measurements required 50 grams of the ink, and 100 ml. of
fountain solution. The author recorded the weight of the clean bowl, mixer
and spatula before and after the addition of 50 grams of ink. Then, added 20
ml. of the water/fountain solution to the bowl with the ink and set the Duke
tester for 90 rpm and turned it on. The ink and fountain solution were mixed
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for one minute; the tester shuts itself off after 90 revolutions. After each
mixing period, poured the unemulsified water (free water) back into the
breaker glass containing the unused water. The ink with the spatula and the
mixer were weighed. The increase in weight was the amount of water
emulsified. For the next mixing interval, the returned and unused water
were mixed before they are added to the ink. These steps were repeated
until the cumulative mixing time total was 10 minutes. The water picked up
by the ink after each mixing period was determined gravimetrically using the
following equation:
P = ( W- S ) x 2
where,
P = water pickup, % or ml water/100 g ink
W = weight of specimen plus water picked up after
each mixing interval, g, and
S = weight of interval specimen,g.
The instrument condition, water and ink sample were kept at constant
room temperature. Only Rosos KSP#10 ASM-3 fountain solution was used in
the first, third and fourth experiment. Four kinds of fountain solution were
used in the second experiment: Rosos KSP#10 ASM-3, Rosos G-C#1J
Phosphate free, Varn, and Distilled water. Each measurement was repeated
3 times for each surface tension value in the first experiment, and for each
fountain solution in the second experiment.
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Tack
The tack of the ink was measured by using the LTF Inkometer from
Thwing Albert Instrument Company. This Inkometer was equipped with the
Thwing-Albert direct reading attachment. The measurement procedure
follows ASTM Standard Method D 4361-89. The brass roller was adjusted
0 0
for a temperature of 90 F (32 C). The ink metering device was used to
deliver exactly 1.32 ml. of ink. The operating speed used was 1200 rpm. The
ink was applied and distributed by the three rollers of the Inkometer. The
distribution roller (oscillator) was at the central position before starting.
This allows the ink film distribute more uniformly. To avoid excessive flying
of the ink when the Inkometer is started, the initial distribution was done by
manually operating. The Inkometer and a stopwatch were started at the
same time. The first tack reading was taken at 20 seconds after starting the
Inkometer. Another readingwas taken after the first minute, and then every
minute for a total period often minutes. These measurements were repeated
three times for the selected oil-based ink in the 3rd experiment. They were
repeated two times for all three oil-based inks in the 4th experiment.
Effect of addingwater on the tack reading
In the 4th experiment, the author added water to the ink on the
Inkometer while measuring the tack response. Thwing-Albert Inkometer,
Thwing-Albert direct reading attachment and Hewlett Packard X-Y recorder
were used to record the effect of addingwater on the tack reading. The basic
function of the X-Y recorder is to produce a graphic tracing showing the
relationship between two variables or one variable against time.
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For this experiment, the Y coordinate was the tack reading and X
coordinate was time. The time interval can be calculated from the graph
paper by measuring the length of the X-axis. This axis is calibrated in time.
Because the equipment is to record tack reading versus time, the range
selector was set to X-axis. The author tested different sweep speed to find
the proper setting for each experiment, so the the data can be interpreted
easily.
Standard operating procedures for this experiment
o
The author warmed up the Inkometer to a temperature of 90 F. Then,
shifted the running speed control to 1200 rpm position. The inkometer,
direct reading attachment, and X-Y recorder were calibrated by adjusting
zero with no ink on the roller. The maximum reading of 25 on direct reading
attachment and X-Y recorder was set using the appropriate calibrating bar.
On the X-Y recorder, the author set the sweep rate switch at the desired
speed and filled the ink metering device or volumetric container with the ink
to be tested, bymeans of a spatula.
The author distributed the ink evenly across the front rubber roller of
the Inkometer and turned the motor coupling by hand to make initial
distribution. Then, started the Inkometer, X-Y recorder, and stopwatch at
the same time. Next, the author injected the desired volume of fountain
solution with the fountain pipette to the roller. Injection of fountain solution
was performed about 4.75 minutes after starting the instrument. The author
allowed the Inkometer to run 10 minutes.
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The experimental design
- 1st experimental design
The design of the first experiment was divided into two experiments:
first for getting the desired surface tension values of fountain solution, and
second for the water pickup characteristics of several oil-based sheetfed
offset lithographic inks. The author measured the surface tension of
fountain solutions with DuNouy tensiometer and adjusted the mixture to
produce the desired surface tension (30, 40, 50, and 70). Table 3 shows the
different mixture volumes of diluted fountain solution, alcohol substitute and
distilledwater to produce the four different surface tensions.
No. Diluted F.S. Alcohol sub.Distilled, wat S.T.
1 0 0 100 72
2 10 10 80 49
3 100 0 0 36
4 60 10 30 30
Table 3: Surface tension of fountain solution test
The design of the second experiment to measure the water pick up
characteristics with different surface tension value of fountain solution is
shown in Table 4. The author used a Duke Ink-Water Emulsification tester.
The design is a three time replicated, three factor design. Table 4 presents
the design to study the water pickup characteristics of four different surface
tension of fountain solution: 30, 36, 49, and 72. Surface tension was the first
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factor. Three inks based on different oils were used: conventional, soybean,
and vegetable. The type of ink was the second factor. The third factor was
time. The tested times were 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 minutes. This
gave a total of 120 individual treatment combinations or cells in the
experimental design, with three observations per cell; 120 treatment x 3
observations = 360 measurements of the water pickup characteristics. The
percent ofwater picked up was recorded. This is the dependent, or response,
variable.
Water pickup rate
Oil-based inks Surface ;ension of fountain solutions
30 36 49 72
Conventional C-30 C-36 C-49 C-72
Soybean S-30 S-36 S-49 S-72
Vegetable V-30 V-36 V-49 V-72
Table 4: Water pickup of surface tension test design
- 2nd experimental design
The design of the experiment to measure water pick up characteristic
of several fountain solutions is shown in Table 5.
Water pickup rate
Oil-based inks Fountain Solutions
R-M3 R-C#l Varn Dis. wate.
Conventional C-R-M3 C-R-C#l C-Varn C-D
Soybean S-R-M3 S-R-C#l S-Varn S-D
Vegetable V-R-M3 V-R-C#l V-Varn V-D
Table 5: Water pickup of fountain solution test design
56
The second experiment of this study on Duke tester was a three times
replicated three factor experiment with percent of water pickup as the
response variable. The first factor was the type of oil used in the ink:
conventional, soybean, and vegetable. The second factor was time at the
same levels used in the first experiment. The third factor was the type of
fountain solution: Rosos KSP#10 ASM-3, Rosos G-C#l phosphate free, Varn,
and Distilled water. These factors produced a total of 120 individual
treatments. Triple replicated of each treatment were prepared; 120
treatments x 3 replicated = 360 responses for this experiment.
-3rd Experimental Design
In the third experiment, the author measured the effect of
emulsification on ink tack. The author used additives to change the
emulsification capacity of a vegetable oil-based ink. Then, the author
measured the ink tack with an Inkometer. The design of this experiment is
shown in Table 6.
Tack of emulsified inks
Oil-based ink Four different emulsified inks
Ink A InkB Ink C InkD
Vegetable V-A V-B V-C V-D
Table 6: Tack response of emulsified ink test design
The third experiment using the Inkometer was a three times
replicated, two factors design. Table 6 presents the experiment design. The
two factors were the emulsification capacity of the ink and time. There were
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four levels of emulsification: ink curve A, ink curve B, ink curve C, and ink
curve D as well as 11 levels of time: 20 sec, 1, 2, 3, 4, 5, 6, 7, 8, 9,and 10
minutes, giving a total of 4 x 11 = 44 individual treatment combination or
cells. This was done three time for each treatment, giving a total of 44 x 3
=
132 overall tack response. The tack value of each ink was recorded. This is
the dependent, or response, variable.
- 4th Experimental Design
The goal of this experiment was to investigate the tack value of
unemulsified ink. In this experiment, all of the inks used were virgin inks.
The design of the experiment is shown in Table 7.
Tack of pre-emulsified inks





Table 7: Tack response of inks before and after adding
water test design
The fourth experiment used a twice replicated three factors design.
The author measured the tack value each ink, before and after adding water.
This was the first factor. Three oil-based inks were used: conventional,
soybean, and vegetable. Oil-based ink is the second factor. The third factor
was time at the same levels used in the third experiment. This design
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produced a total of 66 cells. Two replicated of each cell were prepared: 66
treatment x 2 replicates = 132 measurements of tack value. The tack value
of the ink before and after adding water were recorded. These are the
dependent, or response, variable.
Statisticalmethod for the experiment
The overall affect of the surface tension value of fountain solution,
fountain solution itself, and different oil-based inks to the water pickup rate
as well as ink tack response on the Inkometer of emulsified inks and
unemulsified inks with adding water into its body, were tested by ANOVA
(Analysis of variance) with the alpha risk of 0.05. Regression analysis was
used to discover the tendency of change in water pickup rate with change in
surface tension values between 30 to 72 dynes/cm. and different fountain
solution. In addition, The author also used regression analysis to observe the
tendency of change in ink tack with change in emulsified ink curves for
emulsified ink, and with change in adding water to unemulsified ink for
virgin ink. ANOVA calculation for this study was performed using Minitab,




1.1Water pick-up of four different surface tensions of fountain solution
The ink used for this experiment was black sheetfed offset lithographic
ink. Three types of oil-based ink were used for this project: conventional,
soybean, and vegetable. The set for each oil-based ink consisted of four
different surface tensions of fountain solution: 72, 49, 36, and 30. Rosos
KSP#10 ASM-3 fountain solution and commercial distilled water were used
to test the water pickup rate of surface tensions. Both fountain solutions
were used to simulate the actual condition on the press. The surface tension,
pH, and conductivity value of fountain solution for each surface tension were
recorded throughout the test. This provides information about the ink-
fountain solution compatibility. The complete data for these fountain
solutions and inks is shown in Appendix A. The results of the water pickup
test are shown on Table 8. Each number is the average of three
measurements as displayed in Appendix C. Percent water pickup increases
over time for all surface tensions and all inks. In Figure 16, the data are also
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Figure 16:Water pickup with different oil-based and surface
tension as a function of the ink
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solution surface tension.
Figure 16, shows the water pickup curves for various surface tension
of fountain solution in each oil-based ink. A typical and characteristic
pattern can be observed where the surface tension value of 72 appeared to
has the highest water pickup rate of the tested surface tensions in
conventional and soybean oil-based inks. The surface tension value of 30
showed the highest water pickup rate in vegetable oil-based. On the other
hand, the surface tension value of 36 appeared to have the lowest water
pickup rate in all three inks. For the conventional and soybean inks, the
water pickup increased as the fountain solution surface tension changed in
the order: 72, 49, 30, and 36 as well as equilibrium with fluid is reached at a
lower level when surface tension was lower than 72. From the figure 16, the
surface tensions of 30 and 36 can reach equilibrium faster than the surface
tensions of 49 and 72 because those two surface tensions can wet the ink
better. In vegetable oil-based ink, the water pickup rate curve showed
slightly differences among the four curves, while the conventional and
soybean inks, the differences were much greater. The data point fitted the
logarithmic equation. This yields a high coefficient correlation (R) for each
surface tension and ink.
To more clearly show the effect of oil-based ink type for each fountain
solution surface tension, the above curves were classified according to the
surface tension as shown by Figure 17. The surface tension values of 72, 49,
and 30 showed the same tendency. The water pickup rate is greatest with
the conventional ink. The rates for surface tensions of 72 and 49 for all three







2 4 6 8 10 12
Surface tension = 72
Surface tension = 36
Time, minutes
2 4 6 8 10 12
Surface tension = 49
2 4 6 8 10 12
Surface tension = 30
Figure 17:Water pickup rate as a function of oil-based ink for
each surface tension
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tension of 72 was pure distilled water, while the solution with the surface
tension of49 was mixed (distilled water, alcohol substitute, and diluted Rosos
KSP#10 ASM-3). The oil-based of the ink is significantly different in water
pickup for the surface tensions of 72 and 49. For surface tension 36, the
soybean ink had the largest water pickup rate. This surface tension showed
a better equilibrium (Ideal ink) water pickup than the others surface tension
for all three inks. This may indicate that the fountain solution surface
tension of 36 is optimum for the inks tested here. Although, the conventional
ink had a higherwater pickup rate, the soybean oil-based appeared to have a
larger effect on the water pickup rate for the surface tension of 36. By
comparison all four surface tension values, the surface tension of 36 and 30
would show
"acceptable"
printing performance on the press; both of the
surface tension values have curves similar to the equilibrium, "C", curve in
Figure 14. The other two surface tensions would show the poor performance
in that they have a tendency to scum and tightwater balance.
Additional information about this experiment, for getting the desired
surface tension, 49 and 30, the author had to mix the diluted fountain
solution with alcohol and distilled water. In this experiment, the author used
alcohol substitute instead of alcohol because the author wanted to see how
well the alcohol substitute would work as a dampening solution additive.
The alcohol substitute used for this experiment was Rosos RV-1000. The
author found that when all three inks were mixed with the fountain solution
surface tension of 30, the inks became very soft after pickup the fountain
solution. The free water was very difficult to remove from the bowl ofmixer.
The author also found that there were a lot of tiny ink drops adhered to the
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bottom of the beaker. The color of free water turned to blue. The author
believe that the alcohol substitute caused this effect because it is some kind
of fountain solution. It is not a real alcohol so any phenomenon can happen
unless the alcohol was used.
The overall effect of the surface tension of fountain solution and the
oil-based of the ink on the water pickup rate was tested using ANOVA
(analysis ofvariance) for cross design. In the ANOVA, the calculated F value
is compared to the F critical value from the table. The null hypothesis is
rejected if the variance of among groups is greater than the critical F value.
The critical F value from the table is denoted by F(a, v^, V2) where a
represents the risk, v^ is the degrees of freedom of the numerator (the
subject of the test) and V2 is the degrees of freedom of the denominator
(residual or error). Throughout the entire analysis of test data, the alpha
risk of 0.05 was used. The following table shows the results of this
calculation.
source DF SS MS F P
Oil-based 2 69274.00 34637.00 2.70E+04 0.00
Time 9 74633.50 8292.60 6385.48 0.00
S.T. 3 56391.90 18797.30 1.40E+04 0.00
0-b*Time 18 12788.10 710.50 547.06 0.00
0-b*S.T. 6 31460.00 5243.40 4037.54 0.00
Time*S.T. 27 19134.10 708.70 545.69 0.00
0-b*Time*S.T. 54 11495.20 212.90 163.92 0.00
Error 240 311.70 1.30
Total 359 275489.10
Table 9: ANOVA Table ofwater pickup rate of surface tension
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At the 95% confidence level, the critical F value for the surface tension
is F (0.05, 3, 240) = 2.6. From Table 9, the calculated F for surface tension is
higher than 2.6. The calculated F of Oil-based of ink is also higher than
F(0.05, 2, 240) = 3.0. Therefore hypothesis 1.1 which stated that the change
in the surface tension of fountain solution with various oil-based inks does
not change the water pickup rate, is rejected at 95% confidence level.
Different surface tension of fountain solutions with various oil-based inks
have different water pickup characteristics.
1.2Water pickup of four different fountain solutions
The ink used for this experiment was the same ink used in the first
experiment. There were four fountain solutions to test the water pickup:
Rosos KSP#10 ASM-3, Rosos G-C#1J Phosphate free, Varn, and Distilled
water. The set for each ink was those four fountains. The complete data on
these fountain solutions are shown in Appendix A. Table 10, shows the
average results of the water pickup rate test. The raw data is shown in
Appendix C. Percent water pickup tends to increase over time for all
fountain solutions in all three inks. The data were plotted against time and
classified according to the type of ink and fountain solutions. Figure 18
shows thewater pickup rate of the four fountain solutions using each ink.
Distilled water had the highest water pickup rate in conventional and
soybean oil-based inks. Each water pickup rate curve on those two oil-based
showed the non-ideal lithographic ink curve. Varn displayed the highest
water pickup rate in vegetable oil-based. The water pickup rate curve of
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Figure 18:Water pickup with different oil-based ink and
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Figure 19:Water pickup rate as a function of oil-based ink for
each fountain solution
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and Rosos G-C#1J had a similar rate for soybean and vegetable oil-based
inks. The data point fitted the logarithmic equation and yielded a high
coefficient correlation (R) for each fountain solution and ink.
To more clearly show the effect of the ink type with each fountain
solution, the above curves were classified according to the fountain solution
as shown by Figure 19. Rosos G-C#1J and distilled water showed the same
tendency, but distilled water seemed to display the higher percent of water
pickup rate. Rosos KSP#10 ASM-3 and Varn appeared to have the highest
water pickup rate in soybean oil-based ink. Varn showed the similar water
pickup rate in conventional and vegetable oil-based ink. All three inks
showed close to an ideal lithographic ink curve in all fountain solutions
except distilled water. However, vegetable oil-based ink was more stable for
each fountain solution. It showed an ideal lithographic ink curve for all four
fountain solutions. The water pickup rate curves of Rosos KSP#10 ASM-3,
Rosos G-C#1J, and Varn are predictors of good performance on a printing
press. However, the Rosos KSP#10 ASM-3 displayed the best response
because percent water pickup rate with all three inks were closest to each
other.
The hypothesis 1.2 states that different fountain solutions and oil-
based ink have similar water pickup rates. This hypothesis was tested using
cross design ANOVA in Minitab. The calculated F in Table 11 for fountain
solution and oil-based ink are higher than F (0.05, 3, 240) = 2.6, and F (0.05,
2, 240) = 3.0, respectively. Therefore hypothesis 1.2 is rejected at 95%
confidence level. Different fountain solutions and oil-based ink have
differentwater pickup characteristics.
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source DF SS MS F P
Oil-based 2 27463.30 13731.60 6485.01 0.00
Time 9 39473.80 4386.00 2071.35 0.00
F.S. 3 54233.80 18077.90 8537.61 0.00
0-b*Time 18 4262.10 236.80 111.83 0.00
0-b*F.S. 6 35248.80 5874.80 2774.48 0.00
Time*F.S. 27 17732.40 656.80 310.16 0.00
0-b*Time*F.S. 54 10070.60 186.50 88.07 0.00
Error 240 508.20 2.10
Total 359 188992.90
Table 11: ANOVA Table ofwater pickup rate of fountain solution
2. Tack response characteristics
2.1 Tack value of four different emulsified inks
After the test of water pickup rate characteristic of three oil-based
inks by using Surland's method in the first and second experiment, one oil-
based ink was selected for the tack response test in the third experiment.
From the observations in the first and second experiments, the author found
that the vegetable oil-based ink was the most stable and reliable with every
surface tension and fountain solution. Therefore, the author selected this ink
to use in the third experiment. The four different emulsified inks were
obtained by modifying that selected ink. The ink was mixed with Emulso, an
emulsifier made by Shamrock Technology Inc., to make it less water
repellent. The author discovered by laboratory tests that addition 5% and
7% by weight of Emulso will produce ink curve A and B of Surland's ink
curve, respectively. On the other hand, the ink was mixed with Glycerin to
make it more water repellent. The author found that with addition 10% by
weight of Glycerin produces ink curve D of Surland's ink curve. For ink
Table 12: Tack value of four different emulsified vegetable oil-
based lithographic inks at 1200 rpm and 90 degree
fahrenheit
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Tack value of four emulsified lithographic inks
Time Ink Curve A Ink Curve B Ink Curve C Ink Curve D
20 sec 9.57 9.00 10.93 11.10
1 9.80 9.37 11.53 11.70
2 10.27 9.73 12.17 12.30
3 10.73 10.03 12.73 12.93
4 11.13 10.50 13.23 13.20
5 11.57 11.00 13.75 13.70
6 12.03 11.30 14.20 14.00
7 12.33 11.60 14.60 14.27
8 12.60 11.83 14.90 14.50
9 12.87 12.13 15.27 14.70
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Ay = 9.5510+0.37918x RA2 = 0.990
By = 9.0408+0.35102x RA2 = 0.989
Cy = 11.103+0.50575x RA2 = 0.985
Dy = 11.473+0.37976x RA2 = 0.956
A = 5% Emulso Addition
B = 7% Emulso Addition
C = Ideal ink curve
D = 10% GlycerinAddition
Figure 20: Tack of four different emulsified vegetable oil-




Table 13: Tack values before emulsify fountain solution into the
the inks at 1,200 rpm and 90 degree fahrenheit
Tack value before emulsify fountain solution into the inks
Time Ink Curve A Ink Curve B Ink Curve C Ink Curve D
20 sec 13.37 10.40 12.53 12.60
1 12.53 10.33 12.90 12.70
2 12.57 10.53 13.30 12.97
3 12.63 10.90 12.83 13.30
4 12.87 11.30 14.33 13.73
5 13.33 11.63 14.70 13.97
6 13.57 12.00 15.03 14.17
7 13.87 12.33 15.53 14.43
8 14.23 12.53 15.77 14.80
9 14.47 12.90 16.10 15.03
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10 11
Ay = 12.419+0.20725x RA2 = 0.728
By = 10.084+0.30790x RA2 = 0.989
Cy = 12.567+0.40103x RA2 = 0.994
Dy = 12.530+0.27430x RA2 = 0.992
A = 5% Emulso Addition
B = 7% Emulso Addition
C = Ideal ink curve
D = 10% Glycerin Addition













t ' i ' r ~i ' r t ' r
0 2 3 4 5 6 7
Time, minutes
8 9 10 11
A : Ink A = 5% EmulsoAddition
B : Ink B = 7% Emulso Addition
C : Ink C = Ideal ink curve
D : Ink D = 10% Glycerin Addition
Subscript : A = Tack after emulsify fountain solution to ink
B = Tack before emulsify fountain solution to ink
Table 22: Tack values before and after emulsify fountain solution to
the inks
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curve C or ideal ink curve, the author used the ink without any additives.
The tacks of four different emulsified inkwere measured on the Inkometer at
the speed of 1200 rpm and fixed temperature at 90 F. The results of the tack
response test are shown on Table 12. Each number is the average of three
measurements. The raw data is shown in Appendix C. Figure 20 shows the
observed in tack values derived from the Table 12. Tack value increases over
time for all these four inks. The one minute reading is usually reported as
tack value of the ink. From the Figure 20, tack value at one minute reading
of ink curve C or ideal ink has the highest with ink curve D slightly lower
and the ink curve B was lowest. For the tack value reading at ten minutes,
the ideal ink displayed the highest and followed by ink D, A, and B,
respectively. For the first six minutes, tack value of ink curve C and D were
very close. After six minutes tack value of ink curve C started to get higher
until the end of the test. This predicts that both inks would show
"acceptable"
printing performance on the press, but ink curve D would need
careful attention during press operation to maintain acceptable print quality.
Ink curves A and B displayed low tack values compared with ink curve C and
D. The author assumed the ink picked up too much water when had this
effect on tack response. Ink curve A and B might be able to print on the
press, but they can produce a variety of problems within the roller train and
in final print quality.
To more clearly show the effect of an emulsified fountain solution with
the ink tack response on an inkometer, the author measured the tack values
of these four inks before emulsify fountain solution into the inks. The tack
was measured at the same rotating speed and temperature: 1200 rpm and
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90F. The result is shown in Table 13. The tack of these four inks are
significantly higher than the emulsified inks. Figure 21 shows the tack
curves derived from table 13. Figure 22 shows the tack curves derived from
table 12 and 13 which are compared between the tack values response of
these four inks before and after emulsify fountain solution into the inks.
Tack values before emulsify fountain solution, tends to increase as the time
increased for all these four inks. The tack values response of these four inks
showed the same tendency as the inks that were emulsified. The tack value
of ink curve C or ideal ink displayed the highest and followed by ink D, A,
and B, respectively.
Additional information about this experiment, the more Emulso
emulsifier was added into the ink, the less water the ink picked up. This is
the reason why the percent ofEmulso added into ink curve B was more than
ink curve A. For this reason, then ink curve B showed tack response lower
than curve A. If a different emulsifier is used, the measured tack response
might have been different.
The hypothesis 2.1 stated that different emulsified inks have similar
ink tack response as measured by an Inkometer. This hypothesis was tested
using cross design ANOVA in Minitab for complete data as shown in
Appendix E. The calculated F in Table 14 for the ink is higher than F (0.05,
3, 88) = 3.15. Therefore hypothesis 2.1 is rejected at 95% confidence level.
Different emulsified inks have different tack response as measured by an
Inkometer.
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source DF SS MS F P
Ink 3 185.83 61.94 2240.10 0.00
Time 10 202.02 20.20 730.59 0.00
Ink*Time 30 3.25 0.11 3.91 0.00
Error 88 2.43 0.03
Total 131 393.53
Table 14: ANOVA Table of tack response test of emulsified ink
2.2 Tack value before and after addingwater to ink
The ink used for this experiment was the same ink used in the first
and second experiments. Ink based on three types of oil were used:
conventional, soybean and vegetable. The fountain solution used to add to
the ink on the Inkometerwas Rosos KSP#10 ASM-3. The amount of fountain
solution used was 5 cc The author fixed feed rate of the water into the
Inkometer by the micropipette at about 0.02 cc. / sec. The total time to feed
the water was 4.75 minutes. The author did not add water into the
Inkometer for all 10 minutes because the author wanted to observe the effect
on tack response after stop feeding the water to the Inkometer. The tack
was measured at the speed of 1200 rpm on the Inkometer with the fixed
temperature at 90 F. The tack values after adding the water were recorded
by the X-Y recorder. The tack response before and after adding the water is
shown in Table 15. Each number is the average of two measurements. The
raw data is shown in Appendix C. Figure 23 indicates the tack curve derived
from the data shown in Table 15. The data are classified according to the
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By = 14.95+0.58x RA2 = 0.994
Ay = 11.99+0.61x RA2 = 0.974
Soybean oil-based
By = 12.28+0.20X RA2 = 0.799
Ay = 11 .45+0.44X RA2 = 0.914
Vegetable oil-based
By = 12.39+0.42x RA2 = 0.995
Ay = 10.94+0.56X RA2 = 0.947
A = After addingwater
B = Before addingwater
Figure 23: Tack value before and after addingwater into three
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Figure 24: Tack value before addingwater (a) compared to after
addingwater (b) of three oil-based lithographic inks
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As shown by figure 23, as water was emulsified into the ink within ten
minutes, the tack will fall in value when compared to the tack value before
adding water for conventional and vegetable oil-based ink. The assumption
is made that emulsified water had this effect on tack response. However, the
soybean oil-based ink showed tack fall in value after adding water for only
first four minutes. Then, the minutes at five to ten, the tack appeared to
have the higher in value than the ink before addingwater. This phenomenon
may be explained due to the water acts as a pigment in the emulsified ink.
After the water addition was stopped, conventional oil-based ink showed a
totally different in tack value between before and after adding water. The
vegetable oil-based ink displayed a change in tack value where water was
being added, but was similar to the ink tack with no water added. The
soybean ink showed a higher tack value than the ink before adding the
water.
To better understand the effect of emulsified water on each oil-based
ink, the curves in figure 23 are classified according to the type of ink in
Figure 24. Tack values without water at one minute reading of conventional,
soybean, and vegetable oil-based inks were 15.55, 12.65, and 12.75,
respectively. Tack values after adding water were 12.65, 11.95, and 11.45,
respectively. The curves of tack response and the effect of added water
(Figure 24b) indicated that the initial tack reading at 20 sec. of conventional
and soybean oil-based inks appeared to have higher tack value than the tack
at one minute reading. However, after a few minutes the tack of those two
inks appeared to follow a general trend common to the tack response before
adding water (figure 24a). Within 5 minutes of the addition of water to the
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ink, the ink and emulsion approached stability as seen by a steady increase
in the tack values of all three inks. This steady increase occurs because of
the evaporation of emulsified water and some solvents contained in these






Hypothesis 2.2 was tested using the Minitab program as summarized
in Table 16. The calculated F value for adding water was higher than F
(0.05, 1, 66) = 4.00 which means that hypothesis 2.2 was rejected at 95%
confidence level. Adding water to the unemulsified ink changed the ink tack
response as measured by an Inkometer. The calculated F value for oil-based
was also higher than F (0.05, 2, 66) = 3.15. Therefore there is a significant
effect ofdifferent oil-based to the ink tack response.
source DF SS MS F P
Oil-based 2 217.73 108.86 2107.03 0.00
Adding 1 37.33 37.33 722.59 0.00
Time 10 290.50 29.05 562.25 0.00
0-b*Adding 2 57.70 28.84 558.29 0.00
0-b*Time 20 18.50 0.92 17.88 0.00
Time*Adding 10 9.41 0.94 18.21 0.00
0-b*Time*Add 20 2.90 0.15 2.81 0.00
Error 66 3.41 0.05
Total 131 637.44




The purpose of this study was to determine the relationship between
emulsification and tack of offset lithographic inks. This thesis was intended
to discover the relationship between emulsification and tack response of
lithographic inks. This research includes the water pickup rate of fountain
solution having different surface tension values, and fountain solution itself
with three types of oil-based inks as well as ink tack response of both
emulsified and unemulsified inks. The water pickup rate of lithographic inks
is influenced by the surface tension, fountain solution, and types of the oil-
based. This study indicates that different surface tension, fountain solutions,
and the three inks that were tested produce differentwater pickup response.
This work shows that fountain solution with a surface tension value
between 30 and 36 generate the ideal ink curve (according to Surland) with
every oil-based ink. The performance on the press with these two surface
tension values would be expected to produce acceptable results. However,
the surface tension value of 36 shows a better equilibrium (ideal ink) and
may indicate optimum water pickup
rate for all three inks. Only the
vegetable oil-based ink produced the ideal water pickup curve with a variety
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of surface tension and various fountain solutions. On the basis of these
observations, it can be predicted that a surface tension value at about 30 to
36 will perform with the most acceptable ofprint quality on the press.
The Rosos KSP#10 ASM-3 and Rosos G-C#1J fountain solutions
revealed the ideal ink curve with every oil-based ink. When considering the
inks, every fountain solution shows the ideal ink curve with only the
vegetable oil-based ink. The Rosos KSP#10 ASM-3, Rosos G-c#lJ, and the
vegetable oil-based ink would be expected to be performed and produce
acceptable print quality on the press.
Tack value of different emulsified inks performed different tack
response as measured by an Inkometer. The more ink emulsifywater into its
body, the lower the tack response of the ink. Tack value of ink curve C, ideal
ink, was considerably higher than those of three ink curves; ink A, B, and D.
Tack values of all four inks increased as the time increased. For the
unemulsified inks, the tack of ink after adding water will fall in value when
compared to the tack of ink before addingwater in all three inks. This major
observation is that the addition of water to an ink greatly affects the tack
response of the ink resulting in lower tack value. After adding water for a
proper period, the tack response of the inks appeared to follow a general
trend common to the tack response before addingwater for all three oil-based
inks. The hypotheses were tested and are summarized in Table 17 as follow:
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Null Hypotheses Calc.F F value Conclusion
1.1 The change in the surface tension 1.40E+04 2.60 Ho is
of fountain solution with various 2.70E+04 3.00 rejected
oil-based ink does not change the
water pickup rate
1.2 Different fountain solutions and 8537.61 2.60 Ho is
oil-based inks have similar have 6485.01 3.00 rejected
similar water pickup rate
1.3 Different emulsified inks have 2240.10 3.15 Ho is
similar ink tack response as rejected
measured by an Inkometer
1.4 Addingwater into the unemulsified 722.59 4.00 Hois
(virgin) inks based on three different 2107.03 3.15 rejected
oils does not change the ink tack
respone as measured by an Inkometer
Table 17: Summary of hypothesis testing
5. A study of the relationship between emulsification and viscosity as well
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A.1 Offset Lithographic Inks data
1.1 Conventional Oil-based Ink
- Manufacturer: Morrison Ink Company
- Description: O/S SF L.D.G. PROCESS BLACK
MSDS #15 ** H=l F=l 5# batch no. L7257
1.2 Soybean Oil-based Ink
- Manufacturer: RON INK CO.,INC : 61 Halstead St., Rochester , N.Y.
14610-0369
- Description: Ronico 24611 M05 QS SOYA PROCESS BLACK 5#
1.3 Vegetable Oil-based Ink
- Manufacturer: Flint Ink Corporation
- Description: 5.4 # O/S 3/D AGRI-TEK BLACK
JGK 18760 LOT#12748 08 DEC 93
A.2 Fountain solution data
1.1 Fountain solution 1: Rosos KSP#10 AS M-3
pH : 3.2
Conductivity : 1600 uS
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1.2 Fountain solution 2: Rosos G-C #1J Phosphate Free
pH : 4.2
Conductivity : 1100 uS
1.3 Fountain solution 3: Varn
pH : 3.6
Conductivity : 2100 uS
1.4 Distilled water: Aqua Pure, sodium free
bottled byMeyer Bros, Apple Products
West Seneca, NY. 14224
pH : 7.4
Conductivity : 80 uS
A.3 Emulsifier
3.1 Emulso 1-10
- Manufacturer: Shamrock Technology, Inc.
- Description: Lot No. 010141
Drum No.2
3.2 Glycerin






B.l Water Pickup Equipment
- Mixer: Duke Ink-Water Emulsification Tester
Patent No.4403867
Duke Custom Systems, Inc.
8371 Hwy 49, Pleasant View, TN 37146
Model: D-10 Serial No. 779
- Balance: OHaus, Newark, NJ
Max. capacity: 610 grams
Accuracy: 0.05 grams
B.2 TackMeasurement Equipment
- Lithographic Technology Foundation, Inc (LTF) Inkometer
Thwing-Albert Instrument Company
Philadelphia, USA
Order No.57L-1470, serial No.11868
B.3 Surface Tension Measurement Equipment
- DuNouy Tensiometer




B.4 Graphical Recorder Equipment









Water pickup of surface tensions with Conventional oil-based ink
S.T. of 72: 100% Distilledwater / pH: 7.4, Conductivity: 80 uS
S.T. of 49: 10% Diluted F.S., 10% Alcohol Sub., 80% Distilledwater / pH = 4
Conductivity = 250 |iS
S.T. % Water pickup / 100 grams ink
Surface tension of 72 Surface tension of49
Time 1 2 3 Ave. 1 2 3 Ave.
1 27.60 28.00 30.20 28.60 25.60 24.60 23.40 24.53
2 47.40 50.00 47.00 48.13 43.20 44.00 41.60 42.93
3 67.00 70.40 68.80 68.73 60.20 60.60 59.40 60.07
4 81.40 87.00 83.20 83.87 75.20 76.20 74.80 75.40
5 96.80 100.00 93.80 96.87 87.60 88.40 85.80 87.27
6 109.40 110.80 106.80 109.00 99.20 100.00 98.20 99.13
7 115.80 119.00 114.60 116.47 107.00 107.80 105.80 106.87
8 126.20 128.80 123.40 126.13 111.40 113.00 111.80 112.07
9 130.80 133.00 128.20 130.67 119.00 120.20 117.60 118.93




Water pickup of surface tensions with Conventional oil-based ink
S.T. of 36: 100% Diluted F.S. / pH = 3.2, Conductivity = 1600 p:S
S.T. of 30: 60% Diluted F.S., 10% Alcohol Sub., 30% Distilled water / pH = 2
Conductivity = 1030 \iS
S.T. % Water pickup / 100 grams ink
Surface tension of 36 Surface tension of 30
Time 1 2 3 Ave. 1 2 3 Ave.
1 27.20 26.60 27.20 27.00 23.60 22.80 23.40 23.27
2 34.80 34.20 34.40 34.47 35.00 34.60 35.20 34.93
3 36.60 36.80 36.60 36.67 47.80 48.60 47.60 48.00
4 37.60 37.40 37.20 37.60 53.40 52.80 52.40 52.87
5 38.00 37.40 37.80 37.73 54.60 52.80 54.80 54.07
6 38.00 38.00 38.40 38.13 54.60 56.20 55.20 55.33
7 38.00 38.40 38.40 38.27 55.80 56.20 57.00 56.33
8 38.00 39.00 39.20 38.73 55.80 57.00 57.40 56.73
9 38.40 39.00 39.60 39.00 57.00 58.00 58.00 57.67
10 38.40 39.00 39.60 39.00 58.60 58.20 58.40 58.40
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Table 17
Water pickup of surface tensions with Soybean oil-based ink
S.T. of 72: 100% Distilled water / pH = 7.4, Conductivity = 80 uS
S.T. of 49: 10% Diluted F.S., 10% Alcohol Sub., 80% Distilledwater / pH = 4
Conductivity = 250 |iS
S.T. % Water pickup / 100 grams ink
Surface tension of 72 Surface tension of49
Time 1 2 3 Ave. 1 2 3 Ave.
1 21.00 20.60 21.00 20.87 19.40 20.60 18.80 19.60
2 34.00 35.20 34.80 34.67 32.00 32.80 33.20 32.67
3 48.40 48.20 49.20 48.60 42.20 41.60 41.80 41.87
4 58.60 59.60 57.80 58.67 51.20 49.00 50.40 50.20
5 69.00 70.20 70.60 69.93 61.20 60.00 60.40 60.53
6 76.00 79.60 78.00 77.87 69.80 68.20 70.20 69.40
7 85.20 86.00 85.80 85.67 76.40 76.00 77.40 76.60
8 94.00 93.20 93.60 93.60 83.00 84.20 84.40 83.87
9 99.60 100.00 99.80 99.80 86.40 86.60 85.80 86.27
10 102.00 104.80 103.20 103.33 90.80 89.40 87.60 89.27
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Table 17 (continued)
Water pickup of surface tensions with Soybean oil-based ink
S.T. of 36: 100% Diluted F.S. / pH = 3.2, Conductivity = 1600 uS
S.T. of 30: 60% Diluted F.S., 10% Alcohol Sub., 30% Distilledwater / pH = 2
Conductivity = 1030 p:S
S.T. % Water pickup / 100 grams ink
Surface tension of 36 Surface tension of 30
Time 1 2 3 Ave. 1 2 3 Ave.
1 23.60 18.80 19.20 20.53 23.00 23.80 22.60 23.13
2 31.00 26.80 28.20 28.67 29.80 30.40 30.20 30.13
3 33.20 32.20 32.40 32.60 38.00 38.80 37.80 38.20
4 36.60 34.20 35.60 35.47 44.60 46.00 45.80 45.47
5 39.80 35.80 37.40 37.67 48.60 50.20 50.60 49.80
6 40.40 42.00 37.80 40.07 51.00 53.60 52.20 52.27
7 43.20 42.00 38.60 41.27 53.80 56.00 54.80 54.87
8 44.40 44.00 42.80 43.73 54.60 57.20 56.40 56.07
9 45.00 44.00 44.20 44.40 54.60 57.40 56.60 56.20
10 45.20 46.40 44.60 45.40 54.60 57.40 56.60 56.20
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Table 18
Water pickup of surface tensionswithVegetable oil-based ink
S.T. of 72: 100% Distilled water / pH = 7.4, Conductivity = 80 |_S
S.T. of 49: 10% Diluted F.S., 10% Alcohol Sub., 80% Distilledwater / pH = 4
Conductivity = 250 ^S
S.T. % Water pickup / 100 grams ink
Surface tension of 72 Surface tension of49
Time 1 2 3 Ave. 1 2 3 Ave.
1 19.00 16.20 20.40 18.53 17.20 18.80 17.80 17.93
2 28.40 26.40 25.60 26.80 27.00 28.20 27.60 27.60
3 31.60 30.40 32.40 31.47 30.20 31.20 30.80 30.73
4 34.60 33.00 33.20 33.60 33.40 34.00 33.80 33.73
5 36.20 35.60 34.80 35.53 35.00 35.40 35.00 35.13
6 37.20 36.60 37.80 37.20 35.00 35.60 35.40 35.33
7 37.20 37.00 38.60 37.60 37.20 37.00 37.40 37.20
8 37.20 37.00 38.60 37.60 38.00 38.80 39.00 38.60
9 39.00 38.20 40.20 39.13 38.40 39.00 39.40 38.93
10 41.20 39.80 40.40 40.47 39.40 39.80 39.80 39.67
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Table 18 (continued)
Water pickup of surface tensions withVegetable oil-based ink
S.T. of 36: 100% Diluted F.S. / pH = 3.2, Conductivity = 1600 uS
S.T. of 30: 60% Diluted F.S., 10% Alcohol Sub., 30% Distilledwater / pH = 2
Conductivity = 1030 |iS
S.T. % Water pickup / 100 grams ink
Surface tension of36 Surface tension of30
Time 1 2 3 Ave. 1 2 3 Ave.
1 17.00 16.00 17.40 16.80 15.20 17.20 17.80 16.73
2 26.40 26.20 26.80 26.47 22.40 23.40 22.20 22.67
3 29.20 30.40 29.80 29.80 27.80 28.40 28.40 28.20
4 30.60 30.80 31.00 30.80 31.40 31.00 31.80 31.40
5 32.40 30.80 31.40 31.53 34.60 34.80 34.40 34.60
6 32.40 30.80 31.60 31.60 38.20 37.60 40.20 38.67
7 32.60 34.80 33.40 33.60 39.80 39.00 41.20 40.00
8 32.60 34.80 34.20 33.87 40.60 39.80 41.60 40.67
9 33.00 35.00 34.20 34.07 40.60 39.80 41.60 40.67
10 33.40 35.00 34.80 34.40 40.60 39.80 41.80 40.73
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Table 19
Water pickup of fountain solutions with Conventional oil-based in_
Rosos KSP#10 AS M-3 / S.T. = 36, pH = 3.2, Conductivity = 1600 |iS
Rosos G-C1#J Phosphate Free / S.T. = 33, pH = 4.2, Conductivity = 1100 pi
S.T. % Water pickup / 100 grams ink
Rosos KSP#10 AS M-3 Rosos G-C # 1 J
Time 1 2 3 Ave. 1 2 3 Ave.
1 27.20 26.60 26.80 26.87 28.00 26.60 25.60 26.73
2 34.80 34.20 32.40 33.80 41.20 41.00 40.00 40.73
3 36.60 36.80 35.20 36.20 46.00 44.40 44.00 44.80
4 37.60 37.40 35.80 36.93 47.60 47.40 48.20 47.80
5 38.00 37.40 37.60 37.67 50.00 48.00 48.40 48.80
6 38.00 38.00 38.00 38.00 51.40 50.00 50.00 50.47
7 38.00 38.40 38.00 38.13 51.40 50.40 50.00 50.60
8 38.00 39.00 39.20 38.73 52.60 51.40 50.20 51.40
9 38.40 39.00 39.60 39.00 52.60 52.60 50.80 52.00
10 38.40 39.00 40.80 39.40 52.60 53.40 53.20 53.07
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Table 19 (continued)
Water pickup of fountain solutions with Conventional oil-based ink
Varn fountain solution / S.T. = 42, pH = 3.6, Conductivity = 2100 \iS
Distilled water / S.T. = 72, pH = 7.4, Conductivity = 80 p:S
F.S. % Water pickup / 100 grams ink
Varn fountain solution Distilled water
Time 1 2 3 Ave. 1 2 3 Ave.
1 24.20 24.60 30.60 26.47 27.60 28.00 30.20 28.60
2 34.80 34.00 38.40 35.73 47.40 50.00 47.00 48.13
3 38.00 38.00 42.40 39.47 67.00 70.40 68.80 68.73
4 39.60 39.40 42.40 40.47 81.40 87.00 83.20 83.87
5 40.20 39.80 42.80 40.93 96.80 100.00 93.80 96.87
6 40.60 40.60 42.80 41.33 109.40 110.80 106.80 109.00
7 41.80 41.60 43.00 42.13 115.80 119.00 114.60 116.47
8 41.80 43.40 43.80 43.00 126.20 128.80 123.40 126.13
9 41.80 43.40 44.60 43.27 130.80 133.00 128.20 130.67
10 42.20 43.60 44.60 43.47 133.20 135.80 131.20 133.40
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Table 20
Water pickup of fountain solutions with Soybean oil-based ink
Rosos KSP#10 AS M-3 / S.T. = 36, pH = 3.2, Conductivity = 1600 jiS
Rosos G-C1#J Phosphate Free / S.T. = 33, pH = 4.2, Conductivity = 1100 (i
S.T. % Water pickup / 100 grams ink
Rosos KSP#10 AS M-3 Rosos G-C # 1 J
Time 1 2 3 Ave. 1 2 3 Ave.
1 23.60 18.80 19.60 20.67 18.00 21.20 17.20 18.80
2 31.00 26.80 25.80 27.87 27.60 28.60 25.20 27.13
3 33.20 32.20 29.00 31.47 30.40 32.00 29.80 30.73
4 36.60 34.20 32.40 34.40 32.60 34.20 32.60 33.13
5 39.80 35.80 35.00 36.87 35.20 35.80 34.60 35.20
6 40.40 42.00 38.00 40.13 37.60 37.00 36.60 37.07
7 43.20 42.00 38.40 41.20 38.60 40.60 38.40 39.20
8 44.40 44.00 41.40 43.27 42.40 40.60 39.60 40.87
9 45.00 44.00 41.60 43.53 44.00 43.20 42.80 43.33
10 45.20 46.40 42.00 44.53 44.20 43.60 43.20 43.67
Table 20 (continued)
Water pickup of fountain solutions with Soybean oil-based ink
Varn fountain solution / S.T. = 42, pH = 3.6, Conductivity = 2100 |iS
Distilled water / S.T. = 72, pH = 7.4, Conductivity = 80 \iS
110
F.S. % Water pickup / 100 grams ink
Varn fountain solution Distilled water
Time 1 2 3 Ave. 1 2 3 Ave.
1 24.40 25.00 26.40 25.27 21.00 20.60 21.00 20.87
2 39.40 37.20 40.00 38.87 34.00 35.20 34.80 34.67
3 44.80 43.40 44.60 44.27 48.40 48.20 49.20 48.60
4 47.40 47.20 47.00 47.20 58.60 59.60 57.80 58.67
5 49.20 50.20 50.00 49.80 69.00 70.20 70.60 69.93
6 53.00 54.00 52.40 53.13 76.00 79.60 78.00 77.87
7 56.40 57.20 56.60 56.73 85.20 86.00 85.80 85.67
8 60.40 61.20 60.60 60.73 94.00 93.20 93.60 93.60
9 62.80 65.40 63.80 64.00 99.60 100.00 99.80 99.80
10 65.80 67.00 65.80 66.20 102.00 104.80 103.20 103.33
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Table 21 (continued)
Water pickup of fountain solutionswith Soybean oil-based ink
Varn fountain solution / S.T. = 42, pH = 3.6, Conductivity = 2100 p,S
Distilledwater / S.T. = 72, pH = 7.4, Conductivity = 80 |iS
112
F.S. % Water pickup / 100 grams ink
Varn fountain solution Distilled water
Time 1 2 3 Ave. 1 2 3 Ave.
1 19.80 18.20 17.60 18.53 19.00 16.20 20.40 18.53
2 31.80 28.00 30.00 29.93 28.40 26.40 25.60 26.80
3 38.00 33.80 34.40 35.40 31.60 30.40 32.40 31.47
4 40.20 36.20 38.20 38.20 34.60 33.00 33.20 33.60
5 40.60 39.40 40.20 40.07 36.20 35.60 34.80 35.53
6 41.60 39.60 40.80 40.67 37.20 36.60 37.80 37.20
7 44.20 42.00 43.40 43.20 37.20 37.00 38.60 37.60
8 44.20 42.00 44.40 43.53 37.20 37.00 38.60 37.60
9 45.00 43.20 44.40 44.20 39.00 38.20 40.20 39.13




Tack of four different emulsified vegetable oil-based ink
Speed = 1200 rpm, temperature = 90 degree Fahrenheit
Ink Tack of emulsified inks
,
gm-m
Ink A Ink B
Time 1 2 3 Ave. 1 2 3 Ave.
20sec 9.70 9.50 9.50 9.57 9.00 9.00 9.00 9.00
1 9.80 9.80 9.80 9.80 9.40 9.30 9.40 9.37
2 10.10 10.20 10.50 10.27 9.70 9.70 9.80 9.73
3 10.50 10.70 11.00 10.73 10.00 10.10 10.00 10.03
4 10.90 11.00 11.50 11.13 10.40 10.60 10.50 10.50
5 11.40 11.50 11.80 11.57 11.00 11.00 11.00 11.00
6 11.90 12.00 12.20 12.03 11.40 11.30 11.20 11.30
7 12.10 12.30 12.60 12.33 11.50 11.70 11.60 11.60
8 12.30 12.60 12.90 12.60 11.80 11.90 11.80 11.83
9 12.60 12.90 13.10 12.87 12.00 12.30 12.10 12.13
10 13.00 13.10 13.30 13.13 12.20 12.50 12.40 12.37
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Table 22 (continued)
Tack of four different emulsified vegetable oil-based ink
Speed = 1200 rpm, temperature = 90 degree Fahrenheit
Ink Tack of emulsified inks
,
gm-m
Ink C Ink D
Time 1 2 3 Ave. 1 2 3 Ave.
20sec 11.00 11.00 10.80 10.93 11.40 10.80 11.10 11.10
1 11.50 11.70 11.40 11.53 11.90 11.50 11.70 11.70
2 12.00 12.40 12.10 12.17 12.40 12.20 12.30 12.30
3 12.60 12.90 12.70 12.73 13.00 12.70 13.10 12.93
4 13.10 13.40 13.20 13.23 13.30 13.00 13.30 13.20
5 13.60 13.90 13.80 13.75 13.90 13.50 13.70 13.70
6 14.00 14.40 14.20 14.20 14.00 14.00 14.00 14.00
7 14.60 14.80 14.40 14.60 14.30 14.30 14.20 14.27
8 14.80 15.10 14.80 14.90 14.50 14.50 14.50 14.50
9 15.20 15.30 15.30 15.27 14.80 14.60 14.70 14.70
10 15.30 15.60 15.50 15.47 15.10 14.70 14.80 14.87
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Table 23
Tack values before emulsify fountain solution into the inks
Speed = 1200 rpm, temperature = 90 degree Fahrenheit
Ink Tack value before emulsify fountain solution into the inks, gm-r
Ink A Ink B
Time 1 2 3 Ave. 1 2 3 Ave.
20sec 13.30 13.40 13.40 13.37 10.50 10.40 10.30 10.40
1 12.50 12.50 12.60 12.53 10.40 10.30 10.30 10.33
2 12.50 12.60 12.60 12.57 10.60 10.50 10.50 10.53
3 12.60 12.60 12.70 12.63 11.00 10.80 10.90 10.90
4 12.90 12.80 12.90 12.87 11.30 11.20 11.40 11.30
5 13.30 13.30 13.40 13.33 11.60 11.60 11.70 11.63
6 13.60 13.50 13.60 13.57 11.90 12.00 12.10 12.00
7 13.90 13.90 13.80 13.87 12.30 12.30 12.40 12.33
8 14.20 14.20 14.30 14.23 12.50 12.50 12.60 12.53
9 14.50 14.40 14.50 14.47 12.80 12.90 13.00 12.90
10 14.70 14.60 14.60 14.63 13.00 13.10 13.20 13.10
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Table 23 (continued)
Tack values before emulsify fountain solution into the inks
Speed = 1200 rpm, temperature = 90 degree Fahrenheit
Ink Tack values before emulsify fountain solution into the inks, gm
Ink C Ink D
Time 1 2 3 Ave. 1 2 3 Ave.
20sec 12.50 12.60 12.50 12.53 12.70 12.60 12.50 12.60
1 13.00 12.80 12.90 12.90 12.80 12.70 12.60 12.70
2 13.40 13.20 13.30 13.30 13.10 12.90 12.90 12.97
3 14.00 13.70 13.80 13.83 13.40 13.20 13.30 13.30
4 14.40 14.30 14.30 14.33 13.80 13.70 13.70 13.73
5 14.70 14.60 14.80 14.70 14.00 13.90 14.00 13.97
6 15.00 15.00 15.10 15.03 14.20 14.10 14.20 14.17
7 15.50 15.50 15.60 15.53 14.50 14.40 14.40 14.43
8 15.80 15.70 15.80 15.77 14.90 14.80 14.70 14.80
9 16.20 16.00 16.10 16.10 15.00 15.00 15.10 15.03
10 16.60 16.30 16.30 16.40 15.20 15.10 15.30 15.20
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Table 24
Tack ofunemulsified Conventional oil-based ink
Speed = 1200 rpm, temperature = 90 degree Fahrenheit
Ink Tack of unemulsified inks , gm-m
Before After
Time 1 2 Ave. 1 2 Ave.
20sec 15.50 15.30 15.40 12.50 12.80 12.65
1 15.60 15.50 15.55 12.40 12.70 12.55
2 16.10 15.80 15.95 12.80 12.90 12.85
3 16.50 16.50 16.50 13.30 13.50 13.50
4 17.30 17.00 17.15 14.00 14.00 14.00
5 17.90 17.80 17.85 15.50 15.60 15.55
6 18.60 18.40 18.50 16.00 16.00 16.00
7 19.30 19.10 19.20 16.40 16.40 16.40
8 19.60 19.60 19.60 16.80 17.00 16.90
9 20.40 20.30 20.35 17.20 17.70 17.45
10 20.70 20.60 20.65 17.80 18.20 18.00
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Table 25
Tack of unemulsified Soybean oil-based ink
Speed = 1200 rpm, temperature = 90 degree Fahrenheit
Ink Tack of unemulsified inks , gm-m
Before After
Time 1 2 Ave. 1 2 Ave.
20sec 13.00 13.10 13.05 12.20 12.20 12.20
1 12.70 12.60 12.65 12.10 11.80 11.95
2 12.50 12.40 12.45 11.90 11.90 11.90
3 12.50 12.50 12.50 12.30 12.00 12.15
4 12.80 12.70 12.75 12.90 12.40 12.65
5 13.00 13.00 13.00 14.60 14.10 14.35
6 13.40 13.30 13.35 14.60 14.30 14.45
7 13.70 13.60 13.65 14.90 14.50 14.70
8 14.00 13.80 13.90 15.20 15.00 15.10
9 14.40 14.20 14.30 15.50 15.20 15.35
10 14.70 14.50 14.60 15.90 15.50 15.70
Table 26
Tack of unemulsifiedVegetable oil-based ink
Speed = 1200 rpm, temperature = 90 degree Fahrenheit
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Time 1 2 Ave. 1 2 Ave.
20sec 12.50 12.20 12.35 11.00 11.60 11.30
1 13.00 12.50 12.75 11.20 11.70 11.45
2 13.40 13.00 13.20 11.50 12.00 11.75
3 14.00 13.50 13.75 12.00 12.40 12.20
4 14.40 14.00 14.20 12.30 13.00 12.65
5 14.70 14.50 14.60 14.30 14.90 14.60
6 15.00 14.90 14.95 14.50 15.10 14.80
7 15.50 15.30 15.40 14.70 15.40 15.05
8 15.80 15.60 15.70 15.20 15.50 15.35
9 16.20 16.00 16.10 15.70 16.20 15.95













DATA> 3 (1:10) 12
DATA> end
MTB> Set C3#Surface tension
DATA> 30 (1:4) 3
DATA> end
MTB> Set C4#wpul
DATA> 27.6 28 30.2 25.6 24.6 23.4 27.2 26.6 27.2 23.6 22.8 23.4
DATA>47.4 50 47 43.2 44 41.6 34.8 34.2 34.4 35 34.6 35.2
DATA> 67 70.4 68.8 60.2 60.6 59.4 36.6 36.8 36.6 47.8 48.6 47.6
DATA> 81.4 87 83.2 75.2 76.2 74.8 37.6 37.4 37.2 53.4 52.8 52.4
DATA>96.8 100 93.8 87.6 88.4 85.8 38 37.4 37.8 54.6 52.8 54.8
DATA> 109.4 110.8 106.8 99.2 100 98.2 38 38 38.4 54.6 56.2 55.2
DATA> 115.8 119 114.6 107 107.8 105.8 38 38.4 38.4 55.8 56.2 57
DATA> 126.2 128 123.4 111.4 113 111.8 38 39 39.2 55.8 57 57.4
DATA> 130.8 133 128.2 119 120.2 117.6 38.4 39 39.6 57 58 58
DATA> 133.2 135.8 131.2 125.2 126 123.4 38.4 39 39.6 58.6 58.2 58.4
DATA>21 20.6 21 19.4 20.6 18.8 23.6 18.8 19.2 23 23.8 22.6
DATA>34 35.2 34.8 32 32.8 33.2 31 26.8 28.2 29.8 30.4 30.2
DATA>48.4 48.2 49.2 42.2 41.6 41.8 33.2 32.2 32.4 38 38.8 37.8
DATA>58.6 59.6 57.8 51.2 49 50.4 36.6 34.2 35.6 44.6 46 45.8
DATA>69 70.2 70.6 61.2 60 60.4 39.8 35.8 37.4 48.6 50.2 50.6
DATA>76 79.6 78 69.8 68.2 70.2 40.4 42 37.8 51 53.6 52.2
DATA>85.2 86 85.8 76.4 76 77.4 43.2 42 38.6 53.8 56 54.8
DATA>94 93.2 93.6 83 84.2 84.4 44.4 44 42.8 54.6 57.2 56.4
DATA> 99.6 100 99.8 86.4 86.6 85.8 45 44 44.2 54.6 57.4 56.6
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DATA> 102 104.8 103.2 90.8 89.4 87.6 45.2 46.4 44.6 54.6 57.4 56.6
DATA> 19 16.2 20.4 17.2 18.8 17.8 17 16 17.4 15.2 17.2 17.8
DATA>28.4 26.4 25.6 27 28.2 27.6 26.4 26.2 26.8 22.4 23.4 22.2
DATA>31.6 30.4 32.4 30.2 31.2 30.8 29.2 30.4 29.8 27.8 28.4 28.4
DATA>34.6 33 33.2 33.4 34 33.8 30.6 30.8 31 31.4 31 31.8
DATA>36.2 35.6 34.8 35 35.4 35 32.4 30.8 31.4 34.6 34.8 34.4
DATA> 37.2 36.6 37.8 35 35.6 35.4 32.4 30.8 31.6 38.2 37.6 40.2
DATA>37.2 37 38.6 37.2 37 37.4 32.6 34.8 33.4 39.8 39 41.2
DATA>37.2 37 38.6 38 38.8 39 32.6 34.8 34.2 40.6 39.8 41.6
DATA>39 38.2 40.2 38.4 39 39.4 33 35 34.2 40.6 39.8 41.6
DATA>41.2 39.8 40.4 39.4 39.8 39.8 33.4 35 34.8 40.6 39.8 41.8
DATA> end
MTB> anova C4=C1 1 C2 1 C3
Factor Type Levels Values
CI fixed 3 12 3
C2 fixed 10 1 2 3
C3 fixed 4 12 3
9 10
































































DATA> 3 (1:10) 12
123
DATA> end
MTB> Set C3#Fountain solution
DATA> 30 (1:4) 3
DATA> end
MTB> Set C4#wpu2
DATA>27.2 26.6 26.8 28 26.6 25.6 24.2 24.6 30.6 27.6 28 30.2
DATA>34.8 34.2 32.4 41.2 41 40 34.8 34 38.4 47.4 50 47
DATA> 36.6 36.8 35.2 46 44.4 44 38 38 42.4 67 70.4 68.8
DATA> 37.6 37.4 35.8 47.6 47.4 48.2 39.6 39.4 42.4 81.4 87 83.2
DATA>38 37.4 37.6 50 48 48.440.2 39.8 42.8 96.8 100 93.8
DATA> 38 38 38 51.4 50 50 40.6 40.6 42.8 109.4 110.8 106.8
DATA>38 38.4 38 51.4 50.4 50 41.8 41.6 43 115.8 119 114.6
DATA> 38 39 39.2 52.6 51.4 50.2 41.8 34.4 43.8 126.2 128.8 123.4
DATA> 38.4 39 39.6 52.6 52.6 50.8 41.8 43.4 44.6 130.8 133 128.2
DATA>38.4 39 40.8 52.6 53.4 53.2 42.2 43.6 44.6 133.2 135.8 131.2
DATA> 23.6 18.8 19.6 18 21.2 17.2 24.4 25 26.4 21 20.6 21
DATA> 31 26.8 25.8 27.6 28.6 25.2 39.4 37.2 40 34 35.2 34.8
DATA> 33.2 32.2 29 30.4 32 29.8 44.8 43.4 44.6 48.4 48.2 49.2
DATA> 36.6 34.2 32.4 32.6 34.2 32.6 47.4 47.2 47 58.6 59.6 57.8
DATA>39.8 35.8 35 35.2 35.8 34.6 49.2 50.2 50 69 70.2 70.6
DATA>40.4 42 38 37.6 37 36.6 53 54 52.4 76 79.6 78
DATA>43.2 42 38.4 38.6 40.6 38.4 56.4 57.2 56.6 85.2 86 85.8
DATA>44.4 44 41.4 42.4 40.6 39.6 60.4 61.2 60.6 94 93.2 93.6
DATA> 45 44 41.6 44 43.2 42.8 62.8 65.4 63.8 99.6 100 99.8
DATA>45.2 46.4 42 44.2 43.6 43.2 65.8 67 65.8 102 104.8 103.2
DATA> 17 16 18.2 19 14.4 21 19.8 18.2 17.6 19 16.2 20.4
DATA>26.4 26.2 25.4 27.2 24.2 28.8 31.8 28 30 28.4 26.4 25.6
DATA>29.2 30.4 29.2 29.4 29.4 33 38 33.8 34.4 31.6 30.4 32.4
DATA> 30.6 30.8 31.2 32 30.4 34 40.2 36.2 38.2 34.6 33 33.2
DATA> 32.4 30.8 32.6 32.2 31.4 34 40.6 39.4 40.2 36.2 35.6 34.8
DATA>32.4 30.8 32.6 34 33.4 35.2 41.6 39.6 40.8 37.2 36.6 37.8
DATA>32.6 34.8 33.8 34 33.8 34.8 44.2 42 43.4 37.2 37 38.6
DATA>32.6 34.8 33.8 34.8 33.8 35.6 44.2 42 44.4 37.2 37 38.6
DATA>33 35 35 35 34 35.6 45 43.2 44.4 39 38.2 40.2
DATA> 33.4 35 35 35.2 35.2 35.6 45 44.6 45.4 41.2 39.8 40.4
DATA> end
MTB> anova C4=C1 1 C2 1 C3
Factor Type Levels Values
CI fixed 3 12 3
C2 fixed 10 123456789 10
C3 fixed 4 12 3
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Analysis ofVariance for C4
Source DF SS MS F P
CI 2 27463.3 13731.6 6485.0 0.000
C2 9 39473.8 4386.0 2071.4 0.000
C3 3 54233.8 18077.9 8537.6 0.000
C1*C2 18 4262.1 236.8 111.8 0.000
C1*C3 6 35248.8 5874.8 2774.5 0.000
C2*C3 27 17732.4 656.8 310.2 0.000
C1*C2*C3 54 10070.6 186.5 88.1 0.000
Error 240 508.2 2.1
Total 359 188992.9
MTB> stop










DATA>9.7 9.5 9.5 9 9 9 11 11 10.8 11.4 10.8 11.1
DATA> 9.8 9.8 9.8 9.4 9.3 9.4 11.5 11.7 11.4 11.9 11.5 11.7
DATA> 10.1 10.2 10.5 9.7 9.7 9.8 12 12.4 12.1 12.4 12.2 12.3
10.7 11 10 10.1 10 12.6 12.9 12.7 13 12.7 13.1
11 11.5 10.4 10.6 10.5 13.1 13.4 13.2 13.3 13 13.3
11.5 11.8 11 11 11 13.6 13.9 13.8 13.9 13.5 13.7
12 12.2 11.4 11.3 11.2 14 14.4 14.2 14 14 14
12.3 12.6 11.5 11.7 11.6 14.6 14.8 14.4 14.3 14.3 14.2
12.6 12.9 11.8 11.9 11.8 14.8 15.1 14.8 14.5 14.5 14.5
12.9 13.1 12 12.3 12.1 15.2 15.3 15.3 14.8 14.6 14.7










MTB> anova C3=C1 C2
Factor Type Levels Values
CI fixed 4 12







Analysis ofVariance for C3
Source DF SS MS
CI 3 185.826 13731.6 6485.0 0.000
C2 10 202.021 4386.0 2071.4 0.000
C1*C2 30 3.246 236.8 111.8 0.000
Error 88 2.433 2.1
Total 131 393.526
MTB> stop







DATA> 3 (1:2) 22
DATA> end
MTB> set C3#Time
DATA> 6 (1:11) 2
DATA> end
MTB> set C4#Tack2
DATA> 15.5 15.3 15.6 15.5 16.1 15.8 16.5 16.5 17.3 17 17.9 17.8 18.6 18.4
19.3 19.1 19.6 19.6 20.4 20.3 20.7 20.6
DATA> 12.5 12.8 12.4 12.7 12.8 12.9 13.3 13.5 14 14 15.5 15.6 16 16 16.4 16.4
16.8 17 17.2 17.7 17.8 18.2
DATA> 13 13.1 12.7 12.6 12.5 12.4 12.5 12.5 12.8 12.7 13 13 13.4 13.3 13.7
13.6 14 13.8 14.4 14.4 14.7 14.5
DATA> 12.2 12.2 12.1 11.8 11.9 11.9 12.3 12 12.9 12.4 14.6 14.1 14.6 14.3 14.9
14.5 15.2 15 15.5 15.2 15.9 15.5
DATA> 12.5 12.2 13 12.5 13.4 13 14 13.5 14.4 14 14.7 14.5 15 14.9 15.5 15.3
15.8 15.6 16.2 16 16.6 16.4
DATA> 11 11.6 11.2 11.7 11.5 12 12 12.4 12.3 13 14.3 14.9 14.5 15.1 14.7 15.4
15.2 15.5 15.7 16.2 15.8 16.3
DATA> end
MTB> anova C4=C1 1 C2 1 C3
Factor Type Levels Values
CI fixed 3 12
C2 fixed 2 12
126
C3 fixed 11 12345678
10 11
Analysis ofVariance for C4
Source DF SS MS F P
CI 2 217.727 108.863 2107.03 0.000
C2 1 37.334 37.334 722.59 0.000
C3 10 290.494 29.049 562.25 0.000
C1*C2 2 57.691 28.845 558.29 0.000
C1*C3 20 18.472 0.924 17.88 0.000
C2*C3 10 9.406 0.941 18.21 0.000
C1*C2*C3 20 2.905 0.145 2.81 0.001
Error 66 3.410 0.052
Total 131 637.437
MTB> stop
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